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CONSERVATION AND ECOLOGY OF THE YELLOW-BLOTCHED SAWBACK 
(GRAPTEMYS FLAVMACULATA) 
by William Winsyl Selman II 
May 2010 
The role of species conservation is becoming increasingly important due to the 
mounting pressures from humans on habitats and populations of organisms.  This is 
particularly evident in riverine ecosystems throughout the world where the human 
demand for freshwater resources is increasing, and consequently, the number of 
imperiled aquatic organisms is also growing.  The seven chapters of this dissertation 
primarily focus on the Yellow-blotched Sawback, Graptemys flavimaculata, an 
endangered riverine turtle that is endemic to the Pascagoula River system of southeast 
Mississippi, USA.  At the population level, we aimed to study the impacts of Hurricane 
Katrina on two study populations within the Pascagoula River system, while also 
determining likely causes of population decline related to the storm.  On a larger scale, 
we sought to determine the current distribution and abundance of G. flavimaculata, as 
well as another similar species (Pascagoula Map turtle, Graptemys gibbonsi), throughout 
the Pascagoula River system.  At the individual/population level, we wanted to better 
understand the basking ecology of the species by analyzing basking behavior throughout  
the active season.  In addition, the role of human recreation on the species was studied by 
measuring behavioral (basking) and physiological (stress hormone levels and shell  
 
ii 
condition) responses of turtles to human activities.  Lastly, we aimed to determine the 
level of connectivity of G. flavimaculata throughout the Pascagoula River system by 
measuring levels of genetic differentiation among sampled populations. 
Our results indicated that Hurricane Katrina had a significant negative impact on 
coastal populations, whereas an upstream population was not similarly impacted.  We 
suspect that following the hurricane, water quality was likely compromised, leading to an 
impact on prey items and subsequent impacts on turtle populations.  Our 
distribution/abundance surveys found both Graptemys species in new localities, in 
smaller drainages than earlier studies, and generally in higher population densities than 
previously recorded; our coastal population, however, did not rebound in the three years 
following Hurricane Katrina.  Our basking ecology study found that turtle basking 
behavior was dependent on the season, time of day, and the sex of the individual.  Also, 
we found differences among the sexes in basking structures used, but little correlation 
was found with population-level basking and measured environmental temperatures.  Our 
recreational impacts study found significant impacts of boating activities on our coastal 
population relative to our inland population.  The former had significantly shorter 
individual basking durations and significantly lower population-level basking 
percentages, while also having poorer physiological condition as measured by shell 
condition.  However, we found no correlation between recreational activities and 
baseline/corticosterone stress response measures. Further, larger/slower boats disturbed 
significantly higher numbers of turtles relative to smaller/faster boats.  This is significant  
 
iii 
as registered boats in Jackson County, MS (county of our disturbed site) have increased 
300% over the last 22 years.  Results of our genetic analysis indicated that genetic 
differentiation was significant among almost all sampled populations with isolation by 
distance likely being the driving mechanism; the Escatawpa population was found to be 
the most genetically distinct population, with differentiation likely derived from a 
historical isolation from the main river populations.  We hope that this research, 
conducted on multiple scales, will provide quality information for conservation 
planners/managers to preserve viable turtle populations and intact riverine habitat 
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 A great deal of public and conservation attention has been given to the global 
decline of species worldwide, particularly vertebrate animals such as birds and mammals.  
The conservation of reptile species has garnered relatively little attention even though 
there are documented declines, or even extinctions, of many terrestrial and aquatic 
reptilian species worldwide.  The primary factors contributing to these declines include 
the loss of habitat, negative impacts from invasive species, environmental contaminants, 
diseases, collection for food/pet trade, and potentially, climate change (Gibbons et. al 
2000).  Within the class Reptilia, 28 percent of species assessed by the by the World 
Conservation Union are currently considered critically endangered, endangered, or 
threatened (IUCN 2008).  However, within the Reptilia, turtles (order Testudines) are 
considered one of the most endangered vertebrate taxonomic groups with 131 of the 212 
species (62%) assessed considered critically endangered, endangered, or threatened, with 
an additional eight species considered extinct or extinct in the wild.  In comparison, 12 
percent of birds (highest endangered Order:  61 percent- Sphenisciformes [penguins]) and 
21 percent of mammals (highest endangered Order:  48 percent- Primates) are considered 
critically endangered, endangered, or threatened (IUCN 2008).  Therefore, even though 
reptiles, including turtles, have had little conservation attention, as well as fewer funds 
for conservation work relative to birds or mammals, these data indicate that they are in no 
less trouble than other fauna that receive more attention.    
 The Southeastern United States is considered to be one of the most diverse turtle 





1997).  This region, however, is not immune to species endangerment, and over 60 
percent of the turtle species in the southeastern U.S. are considered imperiled and at risk 
for declines, for reasons similar to other reptilian species (collection for harvest/pet trade, 
habitat destruction/degradation/fragmentation; Buhlmann and Gibbons 1997).  Several 
turtle species of the southeastern U.S. have been directly targeted by humans over the last 
century for food (Alligator Snapping Turtle [Macrochelys temmenckii] and Gopher 
Tortoises [Gopherus polyphemus]) or for the pet trade (Box Turtle species [Terrapene 
sp.], Bog Turtle [Glyptemys muhlenburgii], and Map Turtles [Graptemys sp.]; 
Thorbjarnarson et al. 2000).   In many of these cases, the harvest/collection pressure on 
turtle populations was unsustainable due to the unique life history of turtles.  Turtles have 
a unique life history because they are long-lived organisms, they delay reproductive 
maturity, have slow growth, and there is a high rate of juvenile and hatchling mortality 
(Iverson 1991; Congdon et al. 1993, 1994); therefore, adult turtles in the population are 
the most important life history stage.  The most important factor that is intrinsically 
linked to the decline of many turtle species in the southeastern U.S., as well as 
worldwide, is the loss, degradation, or fragmentation of habitat (Mitchell and Klemens 
2000).  In the Southeastern U.S., this is evident with river turtle fauna, particularly Map 
Turtles (Genus Graptemys), whose habitats are threatened by human 
modification/alteration including channelization, impoundments, de-snagging (removal 
of trees and deadwood from the river channel), pollution, or excess sedimentation (Moll 
and Moll 2004). 
 Map turtles (Graptemys) are highly aquatic turtles that primarily inhabit riverine 





25 percent of the North American turtle fauna (12 of 50 total species; Ernst and Lovich 
2009).  Furthermore, 8 of the 12 species are endemic to single river systems that drain 
into the Gulf of Mexico, from the Guadalupe River in Texas to the Apalachicola River in 
Florida (Moll and Moll 2004); it is hypothesized that the most likely factor accounting for 
speciation in this group is a series of sea level fluctuations that extended from the 
Pliocene to late Pleistocene era that served as an isolating mechanism for river turtle 
‘populations’ (1.8 million years ago - 10,000 years ago; Lamb et al. 1994).  Many 
Graptemys are also considered imperiled, threatened, or endangered due to the 
combination of river drainage endemism, their specialization to riverine ecosystems, and 
the degradation of river systems (via channelization, sedimentation, and impoundments; 
Buhlmann and Gibbons 1997, Ernst and Lovich 2009). 
 Within this group, the yellow-blotched sawback (Graptemys flavimaculata) is 
considered to be one of the most imperiled Graptemys species (http://www.iucn-
tftsg.org/trouble/; accessed 3 December 2009).  It is imperiled due to its endemicity to the 
Pascagoula River system, small maximum area occupied within the river system (56.7 
km
2
), a large number of potential threats, and observed population declines (Selman and 
Jones, in press).  Following population declines in the 1980’s, this led the U.S. Fish and 
Wildlife Service to list the species as federally threatened in 1991 (U.S. Fish and Wildlife 
Service 1991).  Further, relatively little was known about the life history and ecology of 
Graptemys flavimculata before it was listed, which thereafter prompted several studies to 
investigate home range/seasonal habitat use (Jones 1994, 1996), reproduction/nesting 
ecology (Horne et al. 2003), basking/nesting behavior with emphasis on human 





habitat associations (Lindeman 1998, 1999), and seasonal steroid hormone cycles (Shelby 
et al. 2000, Shelby and Mendonça 2001).   
 The objective of this dissertation was to use a multifaceted approach to determine 
the ecology and current conservation status of Graptemys flavimaculata.  1.) To 
understand population level dynamics in response to Hurricane Katrina, we monitored 
populations following the storm to determine if there were any impacts to turtle 
populations.  2.) On the species level, we sought to determine the current distribution and 
abundance of the species, as well as a similar Graptemys species (Graptemys gibbonsi, 
Pascagoula Map Turtle), throughout the Pascagoula River system by surveying turtles at 
road-stream crossings, surveying selected portions of the river system by canoe, and at 
several sites using mark-resight methods to estimate population sizes.  3.) We also 
observed individual and population level basking behavior to determine the affects of 
sex, season, time of day, basking structure type, and environmental temperatures on 
individual basking behavior/population basking frequency.  4.) To determine the impact 
of recreational boating in the lower Pascagoula River on turtles, we monitored basking 
behavior at a disturbed and undisturbed site, while also monitoring physiological 
responses, shell condition and corticosterone (stress hormone) levels, in response to these 
disturbances. 5.) Lastly, we used population genetic analyses (via microsatellite marker 
data) to determine the connectivity of G. flavimaculata populations throughout the 
Pascagoula River system, as well as to determine significant management units if 
appropriate.  By using multiple approaches and methods, we hope that our results will 
inform wildlife managers to make better decisions with regards to the conservation of this 







THE IMPACTS OF HURRICANE KATRINA ON A POPULATION OF YELLOW-




Abstract.—The Yellow-blotched Sawback (Graptemys flavimaculata) is a riverine turtle 
that is endemic to the Pascagoula River system of southern Mississippi, USA.  Population 
declines led to Federal listing as a threatened species in 1991, with the most robust 
population inhabiting the Lower Pascagoula River near Vancleave, MS (approx. 24 river 
km from the Pascagoula River mouth). We conducted a mark-recapture study of this 
population during the spring and summer of 2005-2006.  On 29 August 2005, Hurricane 
Katrina hit the Mississippi Gulf Coast, the location of our study site.  On 13 October 
2005, we conducted a one-hour preliminary visual survey by boat through the study area 
and we identified 8 individuals that we paint-marked prior to Katrina’s landfall.  This 
demonstrated that at least some of the 49 previously-marked individuals remained in the 
study area.  Later, we conducted more extensive mark-resight surveys within the same 
2.0 km section of river in October of 2005-2006.  The population estimate for 2006 was 
significantly lower than the 2005 population estimate for the same stretch of river, 
suggesting that numbers substantially decreased during the year following the hurricane.  
Of the plausible explanations for this pattern, the available evidence most strongly 
supports a real decline in population, presumably due to the long-term impact of 
Hurricane Katrina.  Possible reasons for such a long term effect include hurricane 





on individuals or indirect impacts on the prey populations (e.g., gastropods and other 
aquatic macroinvertebrates).  Follow-up surveys are planned to further investigate these 




The Yellow-blotched sawback (Graptemys flavimaculata) is a freshwater aquatic 
turtle that is endemic to the Pascagoula River system of southern Mississippi, USA 
(Figure 2.1).  It occurs only in the Pascagoula River and its tributaries, including the 
Leaf, Chickasawhay, and Escatawpa Rivers (Cliburn 1971; U.S. Fish and Wildlife 
Service 1993; Selman and Qualls 2006; Ernst and Lovich 2009).  Graptemys 
flavimaculata also inhabit portions of the Bouie River, Okatoma Creek, Bluff Creek, 
Tallahala Creek, and Bogue Homa Creek (Selman and Qualls 2006).  Population declines 
led to its Federal listing as a threatened species in 1991 (U.S. Fish and Wildlife Service 
1991), but it had been listed as an endangered species by the State of Mississippi since 
the 1970’s (Mississippi Natural Heritage Program, 2003).  Graptemys flavimaculata are 
obligate freshwater turtles that predominantly occur in main river channels and larger 
tributaries.  However, Jones (1996) noted that some female G. flavimaculata moved 
overland to nearby cypress ponds, while males occurred in nearby oxbow lakes and 
flooded timber following overbank flooding.  Except for such anecdotal observations, we 
know very little about the behavioral response of these and other riverine turtles to 
natural flooding events, especially the massive flooding associated with storm surge and 






Figure 2.1.   Male Yellow-blotched sawback (Graptemys flavimaculata) from the Lower 
Pascagoula River.  The species is characterized as having a narrow head with yellow 
stripes, a yellow blotch on each pleural scute, and a pronounced vertebral keel in males 
and a less pronounced ridge in females (Photograph by Mary Perez). 
 
The most robust population of G. flavimaculata exists in the lower Pascagoula 
River (Figure 2.2) in the vicinity of Vancleave, MS, about 24 river km from the 
Pascagoula River mouth (McCoy and Vogt 1980, Stewart 1989).  During the spring and 
summer of 2005 and 2006, we focused a trapping and mark-resight study on this 
population using visual surveys during October to estimate population size in the study 
area.  On 29 August 2005, Hurricane Katrina made land-fall on the Mississippi Gulf 
Coast, including our study site. The study area experienced high winds of > 190 km/hr, 






Figure 2.2.  One female (bottom) and three male Yellow-blotched sawbacks (Graptemys 
flavimaculata) basking on a snag in the Lower Pascagoula River.  This is a common sight 
in the Lower Pascagoula River where densities are the highest within the range of G. 
flavimaculata.  The habitat in this section of the Pascagoula River is characterized as a 
large, moderate to high flow river with ample sunlight and many snags available for 
basking (Photograph by Mary Perez). 
 
gauge m and remained at > 3.0 m for 13 days (Figure 2.3), with normal river levels 
between 0.9 to 1.2 m and flood stage occurring at 4.6 gauge m (Michael Runner, USGS; 
pers. comm.).  The only available river stage data is from Graham’s Ferry gauging 
station, which is 26 river km upstream from our study site.  This was the only station 
online throughout Hurricane Katrina.  Because of the northern location of this station, 
these numbers are likely underestimates for flooding at our study site. Thus, Hurricane 
Katrina offered the opportunity to study the response of G. flavimaculata to one of the 
















Figure 2.3. Hurricane Katrina stage data from the Graham’s Ferry hydrologic station. The 
location of the gauging station is approximately 26 river kilometers north of the lower 
Pascagoula River sampling site (data provided by Michael Runner, USGS) and it was the 





MATERIALS AND METHODS 
Study Site.—We conducted our study on the Pascagoula River, Jackson County, 
Mississippi.  We used mark-resight surveys on 2.0 km of the west channel of the 
Pascagoula River between Poticaw Bayou (31° 30.948 / 088° 37.002), north to the end of 
the mainstem of the Pascagoula River (30° 30.948 / 088° 36.184).  This portion of the 
Pascagoula has moderate to high flow rates and abundant submerged and emerged 
deadwood snags.  Many bayous, oxbow lakes, and side channels occur within this stretch 










Sampling Technique.—During April through October of 2005 and 2006, turtles were 
trapped by slightly submerging open topped basking traps (made of 3/4” PVC coated 
crawfish wire; The Fish Net Company, Jonesville, LA) to turtle basking structures.  Traps 
varied in size from 56 x 46 x 31 cm to 122 x 61x 25 cm and we used nails and cotton 
twine to fasten traps to logs or branches known to be G. flavimaculata basking sites.  We 
used a maximum of 15 traps during a trap-day and checked each trap every hour.  We 
occasionally moved traps if turtles became trap wary.  We also captured turtles 
opportunistically by hand and with a dip net.   
Marking and measurements of captured turtles.—We marked captured individuals on 
the carapace (second and third vertebral scutes) with a nontoxic, nonpermanent, 
waterproof, tree marking spray paint (Aervoe
®
 Lead-Free Fluorescent Glo Spray Paint) for 
subsequent mark-resight surveys.  These marks allowed subsequent visual identification 
of sighted turtles, but did not allow visual determination of individual identity.  
Additionally, we obtained straightline carapace and plastron lengths (nearest mm) and 
body mass (nearest 5 g) for all captured turtles.  We released all turtles at their point of 
capture after the paint mark on their shell had dried.    
Population estimates.—We conducted a one-hour preliminary visual survey by boat 
on 13 October 2005, following Hurricane Katrina.  We did not include this data in our 
analysis.  Thereafter, we made three mark-resight surveys during October and early 
November 2005 and 2006, within two weeks of the initial capture and first paint-marked 
turtle in the population (to assure paint marks were not lost).  We paint-marked at least 10 
turtles prior to implementing visual count surveys to ensure a sufficient number of 





optimal basking times (1000-1500 hr) under mostly sunny to sunny conditions.  We 
performed all surveys by walking along the banks or sandbars and located, identified, and 
counted marked and unmarked turtles using a 60mm, 10-45x spotting scope with tripod 
(R.L. Jones, pers. comm., Shively 1999).  Each survey of the 2.0 km stretch took 
approximately 3 hours to complete.  We used the program NOREMARK (White 1996) to 
estimate population sizes.  We used this program because we did not uniquely mark 
turtles and it also accounted for additional marked individuals being added to the 
population between survey intervals. 
Body Condition Analyses.—We used morphometric data to assess body condition 
(mass relative to length) before and after Hurricane Katrina.  To examine whether or not 
body condition (mass relative to length) of G. flavimaculata was lower following 
Hurricane Katrina, we used one-factor ANCOVAs, with before versus after the hurricane 
as a factor, plastron length the covariate, and body mass as the dependent variable (using 
a Log Mass transformation for females to provide a better linear fit).  Plastron, rather than 
carapace length tends to be a more accurate measure of overall body length for these 
turtles, because injury/wear to the marginal scutes introduces error variation to carapace 
length measurements (W. Selman, unpubl. data).  This analysis was done separately for 
male and female turtles, spanning three monthly trapping samples before (June, July, 
August 2005) and three following the hurricane (October 2005, April and May 2006).      
Additionally, given the relatively small size of each monthly sample, lack of 
samples over the winter months following the hurricane (November through March), and 
likely normal variation in body condition over seasons (all of which would limit our 





2005 and 2006, immediately after Hurricane Katrina and one year thereafter.  A one 
factor ANCOVA, similar to the previous analysis, was used except year (October 2005 or 
October 2006) was considered the factor.   
 
RESULTS 
Population estimate results.—During our initial boat survey, we identified 8 of 49 
turtles (16%) that were paint-marked prior to Hurricane Katrina at the locations where we 
originally marked them.  Thereafter, we conducted three mark-resight surveys on 16, 18, 
20 October 2005 using newly marked individuals with a different paint-marking scheme 
than before the hurricane.  These surveys provided a population estimate of 1204 (786-
2077, 95% CI) turtles in the 2.0 km stretch of river, or 602 turtles/km (Table 2.1).     
We implemented three more mark-resight surveys on this stretch of river during 
fall 2006 (30 October; 8, 11 November). Our 2006 population estimate was 641 (481-
923, 95% CI) turtles or 320.5 turtles/km (Table 2.1). The 2006 estimate was significantly 
lower than the 2005 population estimate (Z = 3.489, P = 0.0003; Seber 1982).  The G. 
flavimaculata population decreased by 47% (281.5 turtles/km) between October 2005 
and 2006.     
Body condition analysis.—These analyses revealed no significant differences in body 
condition between the three monthly samples before versus after the hurricane for  
females (F1,33 = 3.52, P = 0.07) or males (F1, 54 = 1.87, P = 0.18) and no significant factor 
 
by covariate interaction terms for females (F 1,38 = 3.89, P = 0.06) or males (F1, 54 = 0.29, 
P = 0.59).  The covariate was significant in both analyses (P < 0.001), with body mass 





Table 2.1.  NOREMARK population estimates for 2005 and 2006 for G. flavimaculata at 
the lower Pascagoula study site.  The number ‘marked in population’ reflects the number 
of turtles marked within the study site and the ‘marked seen’ refers to the number of 
marked individuals spotted during the corresponding visual survey. 
________________________________________________________________________  
 
Site                 Survey         Marked        Marked       Total   Pop. Estimate 
 Date     in Population      Seen        Seen   (w/ 95 % CI) 
  
Pascagoula 2005 
River   16 Oct  17  3        231  
            18 Oct  24  1        244        1204 
            20 Oct  24  9        244              (786-2077) 
 2006 
            30 Oct  20  6        236  
            8 Nov  24  10        233                    641 
______            11 Nov 24  7        185     (481-923)________ 
 
The other one-factor ANCOVAs also revealed no significant difference in body 
condition between October samples in each year for females (F 1,11 = 2.04, P = 0.18) or 
males (F 1,38 = 0.25, P = 0.62), and no significant factor by covariate interaction terms for 
females (F 1,11 = 0.09, P = 0.76) or males (F 1,38 = 1.56, P = 0.12).  The covariate was 




Our observations suggest that this population survived the storm without major 





hurricane noted no evidence of turtle mortality, thus supporting our observations (Buck 
2005; Lynn McCoy, pers. comm.).  Further, our initial boat survey found previously 
marked individuals that remained within the same stretch of river we originally marked 
them, indicating that some individuals maintained or restored their prior home ranges.  
However, we conducted our preliminary boat survey 45 days after Hurricane Katrina so 
we could not discern how these turtles remained in the same areas after the hurricane or 
returned.  One possible explanation of this apparent home range fidelity could be that 
during periods of flooding, the turtles took advantage of the calmer environment that is 
available in flooded bottomland forest or side channels, in contrast to the main river 
channel, similar to what has been observed during non-hurricane flooding events (Jones 
1996, W. Selman, per obs.).  Once river levels began to subside, turtles could then have 
moved laterally back into the main channel of the river in the same area they had been 
prior to the high-water event.  Alternatively, if the hurricane displaced individuals 
downstream or upstream, long-range linear movements to return to their home ranges 
may explain our results.  Jones (1996) noted some long-range movements in which 
individuals covered long distances (>5 km) in less than one week.  
The 2006 estimate suggests a substantial decrease (47%) in the number of G. 
flavimaculata in the year following Hurricane Katrina.  We have no comparable baseline 
data (using similar mark-resight methods) prior to Hurricane Katrina to compare 
population trends before and after the storm, but our surveys clearly indicate a significant 
population decline over the subsequent year.   
Our estimate one month post-Katrina (602/km) was one of the highest recorded 





370/km, 269/km, 72.8/km, 58/km using multiple methods - Jones 1994).  This suggests 
that our population estimate of 2005 may be artificially high due to congregation of 
turtles from upstream and downstream localities following Hurricane Katrina.  The storm 
surge may have forced turtles northward to our study site and/or the later flooding may 
have washed upstream turtles downstream to our site.  However, this scenario is unlikely 
for several reasons.  First, our 2005 mark-resight survey was 48 days after Hurricane 
Katrina and presumably, this was enough time for displaced turtles from upstream or 
downstream localities to return to their respective origins.  More importantly, 
methodologically identical population surveys of two other hurricane affected inland 
Graptemys populations (G. flavimaculata in the Leaf River and Graptemys oculifera in 
the Pearl River) showed no evidence of any such displacement of turtles due to flooding 
and prolonged high river flows during and after Hurricane Katrina (Selman and Qualls 
2005, 2006). Lastly, similar to the observations by Jones (1996) during smaller floods, 
Sanderson (1974) observed that Hurricane Agnes had little effect on Graptemys barbouri 
movements and that individuals moved into the flooded margins of the Chipola River to 
avoid the fast currents of the main river channel.  These observations support our 
contention that the high population estimate from the Lower Pascagoula River site in 
2005 was not due to displacement of turtles into our study area.    
Drought impacts on this population through October 2006 could also explain the 
population decline we observed.  Most river levels during 2006 were considerably lower 
than in 2005 and approached 60-year lows (USGS Real-TimeWater Data, 
http://waterdata.usgs.gov/ms/nwis/rt).  However, our comparison estimates for our two 





from the same drought and low-river levels, we did not observe evidence of population 
declines during that study (Selman and Qualls 2005, 2006).  Occurring in smaller, lower 
order streams, these northern populations were presumably equally or more subject to 
drought conditions and associated low river levels than the lower Pascagoula River 
(higher order stream) population, yet showed no negative effects.  Altogether, these 
observations suggest that the drought had little direct effect on turtle numbers in these 
Graptemys populations. 
Thus, neither short-term displacement nor drought effects adequately explain the 
population decline in the lower Pascagoula River.  Rather, it appears that other hurricane 
impacts on this population of G. flavimaculata may explain this decline due to the coastal 
nature of this site.  Mallin et al. (1999) noted that Hurricane Fran adversely affected 
benthos within the lower Cape Fear River system of North Carolina.   They implicated a 
variety of water-quality issues (e.g., increased sedimentation, presence of contaminants, 
changes in dissolved oxygen levels, salinity, and an altered flow regime of the river) as 
possible causes.  Hurricane Katrina probably caused similar changes in riverine habitats 
of the lower Pascagoula River.  Such low levels of dissolved oxygen were documented 
within the Leaf River, a major tributary of the Pascagoula River (Howell 2006).  
Additionally, several reported fish kills in the lower Pascagoula River indicated severe 
water quality issues in the system (Buck 2005; MS Department of Wildlife, Fisheries, 
and Parks 2005; Lynn McCoy, pers. comm.).  Schaefer et al. (2006) also documented fish 
community shifts following Hurricane Katrina within the lower Pascagoula River and 
lower Black Creek.  Therefore, changed water quality due to Hurricane Katrina may be 





River either by direct mortality (which was not observed) and/or by indirect means, 
including impacts on prey base (Seigel and Brauman 1994).   
Our analyses of body condition revealed no significant differences before and 
after Hurricane Katrina for male or female G. flavimaculata.  Limited sample sizes and a 
lack of samples in critical post-hurricane months limited our statistical power and our 
ability to detect any body condition shifts.  Our monthly sample sizes before and after the 
hurricane never exceeded seven females or 21 males per month.  Also, due to the severe 
problems with municipal/state infrastructure following Hurricane Katrina, we collected 
no data immediately after the storm during September 2005.  We also have no data for 
the winter months (November 2005 thru March 2006) when turtle trapping is difficult 
due to the lower basking frequency during cold weather (Moore and Seigel 2006, W. 
Selman, pers. obs).  Further, there is no published work correlating body condition to any 
environmental and/or seasonal changes in other highly aquatic, freshwater Emydid turtles 
(i.e. Graptemys or Pseudemys).  Therefore, we have no baseline for comparison to 
confidently evaluate any environmental or seasonal changes in body condition. 
The most convincing factor to account for the population decline at the lower 
Pascagoula River site was Hurricane Katrina and its potential water quality impacts on 
the turtles and/or their aquatic macroinvertebrate prey.  Because this study of this 
hurricane’s impacts was done opportunistically, we were unable to definitively identify 
the factors that caused this declines.  We will continue monitoring the lower Pascagoula 
River population of G. flavimaculata through 2008 to evaluate the severity and duration 
of this decline and the population’s potential recovery.  Similar survey work is needed on 





population estimates in preparation for future opportunities to study these phenomena and 
for understanding the long-term population status of these turtles (Fitch 2006; Bury 





















DISTRIBUTION AND ABUNDANCE OF TWO IMPERILED GRAPTEMYS 
SPECIES OF THE PASCAGOULA RIVER SYSTEM 
 
Abstract.—Species distribution and abundance is often difficult to delineate due to 
species factors (i.e., crypsis, low abundance) and/or to researcher sampling techniques.  
Species of the genus Graptemys are primarily riverine turtles and have historically been 
subject to declines because of anthropogenic changes to river systems.  Therefore, to 
better inform conservation efforts, we thoroughly studied the distribution and abundance 
of two imperiled Graptemys species within the Pascagoula River System, Mississippi, 
USA: the Yellow-blotched Sawback (Graptemys flavimaculata) and the Pascagoula Map 
Turtle (Graptemys gibbonsi).  Turtle populations were studied in 17 counties in southeast 
Mississippi using four methods: mark-resight population surveys (three populations), 
bridge surveys (161 bridge crossings), basking density surveys without marked 
individuals (23 localities), and trapping (three populations).  Graptemys flavimaculata 
was found to be present throughout its historical range, as well as new drainage localities; 
abundance in historically surveyed areas was generally higher than previous surveys 
reported.  Graptemys gibbonsi was also found in many new localities and occurred in 
most of the drainages of the Pascagoula River system.  However, G. gibbonsi abundance 
was much lower than G. flavimaculata throughout the Pascagoula River system and 
individuals were not found in several historical localities, suggesting localized 
extirpations.  We recommend that G. gibbonsi should be listed as state Endangered in 
Mississippi and Louisiana, federally listed as Threatened, and IUCN status upgraded to 





riparian habitat throughout the Pascagoula River system and future surveys of other 




 The ability to determine the distribution and abundance of imperiled 
herpetofaunal species is often complicated by many factors including cryptic behaviors, 
low population densities, challenging habitats, and difficulty in capturing individuals for 
potential mark-recapture studies.  Therefore, distribution records for these species are 
often ‘patchy’ and incomplete, which often poses difficulties for making conservation 
decisions.  Accurate distributional information is increasingly important since many 
management decisions are now being made at a landscape level.  Of particular concern 
are decisions that involve watersheds that are impacted due to many anthropogenic 
modifications (i.e., impoundments, channel alteration, poor riparian zone management) 
and the potential negative effects they may have on aquatic communities. 
 The Pascagoula River Basin is the least impacted major river system in the lower 
48 United States (Dynesius and Nilsson 1994).  It is also home to several endangered and 
imperiled aquatic species including several fish (Gulf Sturgeon [Acipenser oxyrinchus 
desotoi], Pearl Darter [Percina aurora], Freckled Darter [Percina lenticula], Crystal 
Darter [Crystallaria asprella], Alabama Shad [Alosa alabamae]; Ross 2001) and two 
imperiled Graptemys species, the Yellow-blotched Sawback (Graptemys flavimaculata) 
and the Pascagoula Map Turtle (Graptemys gibbonsi).  Members of the genus Graptemys 
are highly aquatic turtles that often inhabit rivers with moderate flow rates, high numbers 





canopy which allows ample opportunities for aerial basking.  Many of the twelve species 
in the genus are endemic to single or adjacent southeastern river drainages (Ernst and 
Lovich 2009) and therefore, many are also considered threatened or endangered due to 
river alterations which include impoundments, dredging, channelization, and de-snagging 
(manual removal of deadwood snags from a river; Buhlmann and Gibbons 1997).   
Graptemys flavimaculata is a federally Threatened species that is endemic to the 
Pascagoula River system (U.S. Fish and Wildlife Service 1991), whereas there is 
currently no legal protection for G. gibbonsi, which occurs within the Pearl and 
Pascagoula River systems.  Additionally, both species are considered among the top five 
endangered turtles in North America (IUCN/SSC Tortoise and Freshwater Turtle 
Specialist Group. 2007. Turtles in Trouble: North America’s Most Endangered Tortoises 
and Freshwater Turtles.  Available from http://www.iucn-tftsg.org/trouble [accessed 7 
November 2008]).  The last surveys for these two turtle species were conducted in the 
late 1970’s and mid-1990’s (McCoy and Vogt 1980; Lindeman 1998, 1999); the results 
of both of these studies suggested that populations of both species were declining.   
Since the 1970’s, there has been a movement to preserve the Pascagoula River 
system, primarily through riparian land acquisition (e.g., The Nature Conservancy) and 
focus on research/conservation of protected aquatic species.  However, recent events 
seem to be antagonistic towards these efforts, including a Federal Strategic Petroleum 
Reserve project, refineries requesting freshwater withdrawal, proposed impoundments for 
recreation, and desnagging projects, all of which have the potential to alter the natural 
flow regime of this unique system and its aquatic communities.  Because of the imperiled 





system, we determined that it was critical to obtain current detailed information on the 
distribution and abundance of these species to document long-term changes in population 
distribution and/or population densities.   
 
MATERIALS AND METHODS 
Population Distribution and Relative Abundance.— We used two methods to 
determine the population distribution of Graptemys flavimaculata and Graptemys 
gibbonsi: surveys of rivers and creeks crossed by roads/highways (hereafter referred to as 
bridge surveys) and basking density surveys by boat/canoe. We conducted bridge surveys 
from August to October, 2006 and 2008, at 161 bridge crossings in 17 counties 
throughout the Pascagoula River basin (Figure 3.1; for exact localities see Appendix A).  
At each bridge survey locality, we located and identified turtles with a 60 mm, 15-45x 
spotting scope.  From these observations, we determined presence/absence of these two 
basking species along with other basking turtles (Apalone spp.[Softshell Turtles], 
Pseudemys concinna [River Cooter], Sternotherus carinatus [Razorback Musk Turtle], 
and Trachemys scripta [Red-eared Slider]).  We also recorded the sex of basking 
Graptemys at each bridge crossing when possible, as well as the number of each species 
basking to determine a relative density at each bridge survey locality.  We conducted 
basking density surveys by boat/canoe on selected river/creek stretches within the basin 
to more accurately determine species presence/absence and relative abundance (Figure 
3.1).  During these surveys, we located basking turtles by binoculars from a canoe. When 
present, we walked sandbars from the upstream end to the downstream end using a 





by this method in comparison to locating turtles while floating downstream (Shively 
1999) due to the wariness of basking turtles, particularly in creeks and rivers.  We 
determined the presence or absence of turtles on these river stretches by these methods 
because of the high frequency of basking exhibited by turtles of the genus Graptemys 
(Boyer 1965, Ernst and Lovich 2009).  Later, we calculated relative abundances of 
species as the number of basking turtles observed per river kilometer.  Additionally, we 
recorded notable locations of turtles during boat/canoe surveys (i.e., new drainage 
localities or new upstream distributions) using a hand-held GPS (Garmin GPS 72). 
Population estimates and trapping ratios.— During 2005-2008, we trapped 
Graptemys at three sites within the Pascagoula River system (Figure 3.1):  the lower 
Pascagoula River (site number 1), Leaf River (site number 5), and Chickasawhay River 
(site number 8; trapped only in 2005 & 2006).  We trapped turtles by attaching open 
topped basking traps (made of 3/4” PVC coated crawfish wire; The Fish Net Company, 
Jonesville, LA) to turtle basking structures and left them slightly submerged; traps varied 
in size from 56 x 46 x 31 cm to 122 x 61x 25 cm.  We used nails and cotton twine to 
fasten traps to logs or branches known to be G. flavimaculata/G. gibbonsi basking sites.  
We used a maximum of 17 traps during a trap-day and checked each trap approximately 
every hour.  We occasionally moved traps if turtles were noted to avoid the trap log.  We 
also captured turtles opportunistically by hand and with a dip net.   
Following capture, we marked individuals on the carapace (second and third 
vertebral scutes) with a waterproof, tree marking spray paint (Aervoe
®
 Lead-Free Fluorescent 








Figure 3.1. Locations of bridge and basking density surveys conducted within the 
Pascagoula River system, Mississippi, USA.  Numbers on basking density localities 






identification of marked turtles while basking, but did not allow determination of 
individual identity.  We also determined and recorded the species and sex on all captured 
individuals.  We released all paint-marked turtles at their point of capture after the paint 
mark on their shell had dried.    
We made three mark-resight surveys during selected months from 2005-2008 at 
three locations within the Pascagoula River system (Leaf River, Chickasawhay River, 
lower Pascagoula River). Prior to initiating visual count surveys, we paint-marked at least 
10 turtles to ensure that a sufficient number of marked turtles were available in the 
population.  We conducted mark-resight surveys during optimal basking times (1000-
1500 hr) under mostly sunny to sunny conditions during the months of April, October, or 
early November and each survey was completed within 3-4 hours.  We performed all 
surveys by walking along the banks or sandbars and located, identified, and counted 
marked and unmarked turtles using a 60mm, 10-45x spotting scope (with tripod).  Survey 
lengths were 2.4 river kilometers (rkm) for the Chickasawhay River site, 3.2 and 3.75 
rkm for the Leaf River site, and 2.0 rkm for the lower Pascagoula River site.  Also, we 
made surveys within two weeks of the initial capture to assure that no paint marks were 
lost.  We used the program NOREMARK (White 1996) to estimate population sizes and 
this program was used because we did not uniquely mark turtles and it also accounted for 
additional marked individuals being added to the population between survey intervals.   
We also analyzed trapping data from 2005-2008 to determine species ratios at the 
three trapping localities.  Presumably, trapping for both Graptemys species would be 
unbiased due to similar use of the basking snags by the different species.  However, 





on smaller objects closer to the bank and in shallower water, in contrast to adults that 
usually bask on snags away from the bank and in deeper water (Jones 1996).   
 
RESULTS 
  Graptemys flavimaculata Distribution and Relative Abundance.—We found 
Graptemys flavimaculata to be present at all historical drainage localities to the 
distributional limits originally described by previous surveys (Cliburn 1971, McCoy and 
Vogt 1980, U.S. Fish and Wildlife Service 1993, Lindeman 1998), including within the 
Pascagoula River, Leaf River, Chickasawhay River, Bouie River, Escatawpa River, lower 
Black Creek, and lower Red Creek.  New drainage localities were documented by bridge 
survey including Bogue Homa (Perry Co.), Bouie (Covington and Jefferson Davis Co.’s), 
Gaine’s (Perry Co.), and Okatoma creeks (Forrest Co; Figure 3.2).  Additionally, we 
documented new drainage localities by boat/canoe survey including within Bluff 
(Jackson Co.), Bucatunna (Wayne Co), and Thompson’s creeks (Perry Co.).  The 
populations within Bluff Creek and the Escatawpa River appear to be geographically 
disjunct from the primary population within the lower Pascagoula River due to brackish 
marsh between these freshwater habitats.  The upstream limits for G. flavimaculata in the 
Chickasawhay River were confirmed in the vicinity of Stonewall (Clarke County, MS) by 
boat and bridge survey, as previously described by Cliburn (1971).  However, we found 
by canoe survey that G. flavimaculata extend farther north in the Leaf River, to north of 
Taylorsville (Smith County, MS), approximately 25.65 rkm north of the previously 
known locality for G. flavimaculata near U.S. Hwy 84 at Hot Coffee, MS (Covington 






Figure 3.2. Bridge and basking density survey results for G. flavimaculata within the 







(north 46.25 rkm; Cliburn 1971) to the vicinity of Ellisville, MS (Jones Co.).  
Downstream limits for G. flavimaculata were observed within 13.5 rkm north of the 
mouth of the Pascagoula River; individuals have been captured at the mouth of the 
Pascagoula River, near U.S. Hwy 90 (Tom Mann, pers. comm.), but these likely represent 
vagrant individuals.  
 We found that only 31 (19%) of 161 bridge crossings that were surveyed had G. 
flavimaculata present (Table 3.1).  However, when G. flavimaculata were present at 
bridge crossings, multiple individuals were usually observed basking (mean of 9.83 
individuals).  Graptemys flavimaculata was the second most abundant basking turtle 
observed within the Pascagoula River system (29% of 1041 basking turtles observed), 
while P. concinna was the most abundant (39%).  Within the Pascagoula and its larger 
tributaries, G. flavimaculata was the most abundant basking Graptemys (40%; Table 3.1), 
particularly within the Pascagoula (84 % of basking turtles) and the Leaf (63 % of 
basking turtles) rivers.  Graptemys flavimaculata was the fifth most abundant basking 
species within smaller rivers/large creeks (3%; behind P. concinna, G. gibbonsi, Apalone 
sp., and Trachemys scripta) and was absent from medium/small creeks (Table 3.1). The 
highest relative densities of G. flavimaculata were in the Pascagoula and lower Leaf 
rivers, between Vancleave and Hattiesburg, as McCoy and Vogt (1980) suggested 
(Figure 3.2).  Lower densities were found in regions of the upper Leaf River, 
Chickasawhay River, and several medium size creeks (Figure 3.2; Table 3.1 & 3.2).  
Basking density surveys by boat/canoe aligned well with bridge survey results which 





Table 3.1. Bridge survey results by drainage.  G.f.= number of G. flavimaculata observed, 
G.g.= number of G. gibbonsi observed.  Mean Basking Turtles per Bridge includes non-
Graptemys basking species.  See Fig. 3.1 and Appendix 1 for survey locations. 








Bouie River  2 9 1 24.0 
Chickasawhay River  13 34 57 10.2 
Leaf River  16 180 108 26.8 
Pascagoula River  3 66 13 28.3 
Total: Large and Medium Rivers 34 289 179 21.2 
% of Basking Turtles Observed (721)  40.1 24.8  
Black Creek  12 - 6 2.8 
Bogue Homa  6 1 10 3.3 
Bouie Creek  10 1 - 1.8 
Bucatunna Creek  13 - 9 2.8 
Chunky Creek  4 - 7 10.3 
Escatawpa River  3 - - 0 
Gaines Creek  3 2 1 0.7 
Okatoma Creek  5 2 - 2.6 
Red Creek  7 - 6 1.9 
Tallahalla Creek  16 2 18 4.1 
Tallahoma Creek  11 - 9 1.9 
Thompson's Creek  2 - 2 3.5 
Total: Small Rivers and Large Creeks 92 8 68 2.2 
% of Basking Turtles Observed (260)  3.1 26.2  
Atkisson Creek  1 - - 0 
Big Creek (Chickasawhay Drainage) 2 - - 0.5 
Big Creek (Leaf Drainage) 1 - - 0 
Chickasawhay Creek 1 - - 0 
Hurricane Creek  1 - - 0 
Little Black Creek  1 - - 0 
Long Creek  2 - 1 0.6 
Nuakfuppa Creek  1 - - 0.3 
Oakohay Creek  5 - 1 1.4 
Okatibbee Creek  5 - 4 1.2 
Piney Woods Creek  1 - - 0 
Sandhill Creek  1 - - 0 
Souinlovey Creek  6 - 4 2.8 
Sowashee Creek  5 - - 1.9 
Tallahata Creek  1 - - 2.0 
West Tallahala Creek  1 - - 8.0 
Total: Medium and Small Creeks 35 0 10 1.7 
% of Basking Turtles Observed (60)  0.00 16.7  
Number of Bridges with Species Present (%) 31 (19) 66 (42)   
Number of Bridges with Species Absent (%) 128 (81) 93 (58)   
Mean observed per bridge when Species Present 9.83300 4.38000   
Total Observed (Overall 1041)                                161 297 257   





River (vicinity of Wade/Vancleave, Jackson Co.), upstream in the Leaf River to the 
confluence of the Bouie River (vicinity of Hattiesburg, Forrest Co.; Table 3.2).  Basking 
density surveys also recorded low abundances of G. flavimaculata within several 
medium-sized creeks, as was also confirmed by bridge survey. 
Graptemys flavimaculata were not found in apparently suitable habitats in the 
middle portions of Black Creek, Red Creek, and Escatawpa rivers.  Additionally, we did 
not observe G. flavimaculata within the non-flowing, lake sections of the lower Bouie 
River which were created by gravel mining operations, while also documenting the 
absence of individuals in areas impacted by gravel mining within Thompson’s Creek.  
However, we did see individuals in historical flowing river channels between Bouie lakes 
and also found turtles inhabiting intact sections upstream and downstream of impacted 
areas in Thompson’s Creek.  Also, we noted few individuals in the channelized and de-
snagged portion of the Leaf River (3.8 rkm) adjacent to Hattiesburg, MS (Forrest Co.) 
and downstream of a municipal wastewater input southeast of Hattiesburg.  
Graptemys gibbonsi Distribution and Relative Abundance.—We found G. gibbonsi 
inhabiting all the major rivers including the Pascagoula, Chickasawhay, and Leaf rivers, 
as well as the historical localities of Red Creek, Black Creek, Thompson’s Creek, 
Tallahala Creek, and the Chunky River (Cliburn 1971, McCoy and Vogt 1980, Lindeman 
1998). We report previously undocumented drainage localities for G. gibbonsi including: 
Bogue Homa (Perry and Jones Co.’s), Bucatunna (Wayne, Clarke, Lauderdale Co.’s), 
Long (Clarke Co.), Gaine’s (Perry Co.), Oakohay (Covington, Smith Co.’s), Okatibbee 






Table 3.2: Basking density surveys of Graptemys within the Pascagoula River system, 
including major and minor tributaries.  G.f. F = Graptemys flavimaculata females, G.f. M =  
G. flavimaculata males, G.f. T = Total G. flavimaculata, G.g. F = Graptemys gibbonsi  
females, G.g. M = G. gibbonsi males, and G.g. T = Total G. gibbonsi. nt = data not taken  
on sex of individuals observed.  * = indicates site within range of G. flavimaculata  
recovery plan.  † = indicates site that meets requirements suggested by G. flavimaculata  
Recovery Plan.  See Fig. 3.1 for locations of numbered survey sites. 
 
































1 10/31/07 2.0 32.5 31.5 67 - 1.0 1.0 
Pascagoula River*† 2 7/15/08 3.2 45.9 85.3 139.2 4.0 8.9 13.7 
Pascagoula River*† 3 7/15/08 4.5 14.0 39.2 57.3 6.4 10.5 20.4 
   Total Pascagoula   9.7 30.8 52 87.8 3.5 6.8 11.7 
          
Leaf River*† 4 7/31/08 4.2 16.1 36.5 60.0 17.3 22.9 44.5 
Leaf River Site*† 5 10/15/07 3.8 8.3 14.7 23.7 3.5 4.0 7.7 
Leaf River* 6 7/9/08 22.2 2.0 1.7 3.8 4.2 1.5 5.9 
Leaf River* 7 7/10/07 22.9 0.1 0.2 0.3 2.5 0.6 3.3 
   Total Leaf   53.1 6.6 13.3 22 6.9 7.3 15.3 
          
Chickasawhay 
River*† 
8 9/24/08 3.2 5.6 16.9 24.9 10.5 12.9 27.3 
Chickasawhay 
River* 
9 7/29/08 8.0 1.6 4.5 6.4 7.1 3.9 14.9 
Chickasawhay 
River* 
10 6/16/08 5.2 1.0 2.0 3.0 4.0 5.0 10.5 
   Total 
Chickasawhay 
  16.4 2.7 7.8 11.4 7.2 7.3 17.6 
          
Escatawpa River 11 6/28/06 9.7 nt nt 4.2 - - - 
Escatawpa River 12 10/20/08 4.0 - - - - - - 
Escatawpa River 13 10/2/08 10.6 - - - - - - 
   Total Escatawpa   24.3 nt nt 1.4 - - - 
          
Black Creek 14 7/7/08 8.0 1.3 2.3 4.2 1.3 1.6 5.2 
Black Creek 15 6/6/08 15.9 - - - 2.3 0.7 3.7 
Black Creek 16 7/11/07 8.1 - - - 0.6 1.0 3.4 
Red Creek 17 6/23/08 22.4 - - - 1.5 0.5 2.5 
Red Creek 18 8/7/07 15.7 - - - 0.3 0.3 0.9 
Bluff Creek 19 9/16/06 6.5 0.9 0.2 1.1 - - - 
Tallahala Creek 20 9/23/08 16.9 1.7 2.6 4.3 2.9 2.6 7.5 
Bogue Homa Creek 21 6/6/07 17.1 0.3 1.1 1.7 4.1 0.5 4.9 
Thompson’s Creek 22 9/25/08 10.1 0.8 0.6 1.4 1.3 1.0 2.9 
Bucatunna Creek 23 7/13/07 15.3 - 0.2 0.2 1.9 1.4 5.3 
   Total Creeks   136 0.5 0.7 1.3 1.6 1.0 3.6 





Figure 3.3).  We did not observe Graptemys gibbonsi during the basking density survey 
in the Escatawpa River, but we observed four individuals basking in the vicinity of 
Goode’s Mill Lake (Jackson Co.) after working multiple days in that system; this was 
unexpected considering that Mount (1975) did not record this species in the Alabama 
portion of the Escatawpa River.  We suspect that this population is also geographically 
disjunct from the Pascagoula River for the same reasons as G. flavimaculata.  We also 
documented range extensions for G. gibbonsi within the Leaf River (north approx 46 
rkm; Cliburn 1971), Red Creek (northwest approx 77 rkm; Cliburn 1971), and Tallahala 
Creek (north approx. 67 rkm; Cliburn 1971).  The downstream limits for G. gibbonsi 
appear to be approximately 20 rkm north of the Pascagoula River mouth. 
We found Graptemys gibbonsi at 66 of 161 surveyed bridge crossings (42 %, 
Table 3.1).  G. gibbonsi was less abundant than G. flavimaculata at bridge crossings, as 
there was on average only 4.38 individuals of this species basking per bridge which is 
55% less than the mean number of G. flavimaculata (9.83 individuals) present.  Of 1041 
total turtles observed during bridge surveys, G. gibbonsi comprised 25 percent (257 
turtles) of the basking turtles seen, the third most common basking species behind P. 
concinna and G. flavimaculata.  Graptemys gibbonsi was the dominant basking 
Graptemys only within the Chickasawhay River (63 percent). However, the  
Chickasawhay River had fewer total basking turtles observed per bridge (10.2) compared 
to the Pascagoula (28.3) or Leaf rivers (26.8; Table 3.1).  Within the Pascagoula and its 
larger tributaries, G. gibbonsi was the third most abundant basking turtle (25%), behind 
G. flavimaculata and P. concinna.  G. gibbonsi was the second most abundant basking 








Figure 3.3. Bridge and basking density survey results for G. gibbonsi within the 







most abundant basking turtle in medium/small creeks (17%; behind P. concinna and T. 
scripta).   
The relative density of G. gibbonsi within the Pascagoula River system exhibits 
no clear pattern (Figure 3.3). This species appears to be locally abundant in the upper 
reaches of the Pascagoula River and sections of the Leaf and Chickasawhay rivers, but 
between these areas of high abundance, very few individuals were noted.  This is in 
contrast to the relatively consistent numbers of G. flavimaculata observed in the Leaf and 
Pascagoula rivers during the same surveys.  Basking density surveys closely mirrored 
bridge surveys and also indicated that populations of G. gibbonsi within the Pascagoula 
River system were highly variable (Table 3.2), appearing to be locally abundant within 
the upper Pascagoula River and lower Leaf River, and in areas of the Chickasawhay 
River where they were more abundant than G. flavimaculata.  Bridge surveys did not 
document G. gibbonsi within the middle portion of Tallahala Creek and its presence there 
was only confirmed during a basking density survey by canoe.   
We did not observe individuals during bridge surveys in either Okatoma or Bouie 
creeks where they had been previously documented. A boat survey of the lower reaches 
of the Bouie River noted one individual, but this stretch of river has been severely 
impacted due to gravel mining.  Individuals were also conspicuously absent from gravel 
mining impacted reaches within Thompson’s Creek.  Furthermore, populations within 
Tallahala and Tallahoma creeks have higher density above the town of Laurel (Jones Co.) 
than downstream in portions of Tallahala Creek, which was historically grossly polluted 
due to point sources in the vicinity of Laurel (Cliburn, pers. comm.; Cagle 1954; Figure 





River and no individuals were spotted within Bluff Creek which has no previously 
documented records for G. gibbonsi. 
Population estimates and species ratios.—We conducted population estimates for G. 
flavimaculata at 3 sites in 2005 and 2 sites in 2006-2008.  In 2005, the Chickasawhay 
River site (Greene County) had an estimated 232 G. flavimaculata (95% CI: 127-419) in 
2.4 river km (93 per rkm; Table 3.3).  From 2005-2008, estimates for the Leaf River site 
(Forrest County) ranged from 257-451 (95%CI: 145-1143) turtles in 3.75 rkm (80-120 
per rkm).  The lower Pascagoula River site (Jackson County) was also surveyed from 
2005-2008 and population estimates ranged from 562-1203 (95% CI: 381-2339) turtles in 
2.0 rkm (281-602 per r/km).  We could only complete two population estimates for G. 
gibbonsi, both at the Leaf River site.  This was primarily due to the inability to catch and 
paint-mark enough individuals for a reliable population estimate at other sites.  The Leaf  
 
Table 3.3.  NOREMARK population estimates for G. flavimaculata (G.f.) and G. 
gibbonsi (G.g.) from 2005 – 2008 within the Pascagoula River system, Mississippi, USA.  
  





95 % CI Estimated 
Turtles/km 
 
G.f. 2005 Chickasawhay 2.4 223 127-419 93 
G.f.   2005 Leaf 3.2 257 146-482 80 
G.f. 2006 Leaf 3.75 451 202-1144 120 
G.f.  2007 Leaf 3.75 361 222-726 96 
G.f. 2008 Leaf 3.75 335 245-501 89 
G.f.  2005 Pascagoula 2.0 1203 732-2339 602 
G.f.  2006 Pascagoula 2.0 641 433-989 321 
G.f. 2007 Pascagoula 2.0 562 381-946 281 
G.f. 2008 Pascagoula 2.0 583 402-953 292 
       
G.g. 2007 Leaf 3.75 129 102-179 34 
G.g. 2008 Leaf 3.75 166 109-293 44 







River site had an estimated 129-166 (95% CI: 102-293) turtles in 3.75 rkm (34-44 per 
rkm; Table 3.3).    
Trapping results also indicated that G. flavimaculata outnumbered G. gibbonsi at 
all three sites surveyed (Table 3.4).  The Chickasawhay River site had the lowest G. 
flavimaculata to G. gibbonsi ratio (1.75:1), whereas during 4 years of trapping at the 
Lower Pascagoula River site, only 19 G. gibbonsi were trapped compared to 479 G. 
flavimaculata (25.2:1).  The latter site was also juvenile-dominated as 16 out of 19 G. 


























Table 3.4. Trapping results for 2005 - 2008 at three sites within the Pascagoula River 
system for Graptemys species. Species listed are Graptemys flavimaculata (G.f.) and 
Graptemys gibbonsi (G.g.).   
____________________________________________________________________ 
     Site/                      Total Captured      Capture Ratio 
    River   Year          Species             (# of F, M, Juv)        (G.f. to G.g.) 
 
Leakesville  2005  G.f.  73 (30, 35, 8) 
Chickasawhay    G.g.  45 (4, 31, 10)  1.62 : 1 
 
Leakesville  2006  G.f.  50 (12, 26, 12) 
Chickasawhay    G.g.  25 (3, 19, 3)  2.00 : 1 
 
Hattiesburg  2005  G.f.  65 (18, 42, 5) 
Leaf     G.g.  31 (13, 10, 8)  2.10 : 1 
 
Hattiesburg  2006  G.f.  73 (25, 44, 4) 
Leaf     G.g.  20 (9, 9, 2)  3.65 : 1 
 
Hattiesburg  2007  G.f.  92 (32, 48, 12) 
Leaf     G.g.  27 (9, 13, 5)  3.41 : 1 
  
Hattiesburg  2008  G.f.  96 (24, 51, 21) 
Leaf     G.g.  31 (7, 18, 6)  3.10: 1 
 
Vancleave  2005  G.f.  102 (34, 65, 3) 
Pascagoula    G.g.  1 (0, 0, 1)  102 : 1 
 
Vancleave  2006  G.f.  127 (51, 77, 4) 
Pascagoula    G.g.  2 (1, 0, 1)  63.5 : 1 
 
Vancleave  2007  G.f.  119 (45, 60, 14) 
Pascagoula    G.g.  8 (0, 2, 6)  14.88 : 1 
  
Vancleave  2008  G.f.  131 (55, 48, 27)  
Pascagoula    G.g.  8 (0,0,8)  16.38 : 1 











 Graptemys flavimaculata status.— The presence of G. flavimaculata in all 
previously recorded localities, as well as in new ones, suggests that G. flavimaculata has 
not undergone a range contraction as was suggested by Lindeman (1999).  Lovich (in 
Ernst and Lovich 2009) indicated that G. flavimaculata was noticeably absent from 
reaches below a known paper mill effluent within the Leaf River (New Augusta, Perry 
Co.), but our study found this reach to have one of the highest numbers of G. 
flavimaculata and G. gibbonsi observed by bridge and by basking density surveys (site 
number 4).  This could be due to improved water quality from a cleaner paper mill 
effluent in the intervening years.  
Further, our population estimates and basking density surveys at all localities 
were generally higher than previously reported (U.S. Fish and Wildlife Service 1991; 
Lindeman 1998).  Recovery requirements for G. flavimaculata indicate that populations 
should meet or exceed 44 turtles per rkm in the Pascagoula and 22 turtles per rkm in the 
Leaf and Chickasawhay rivers (U.S. Fish and Wildlife Service 1993).  Population 
estimates exceeded the USFWS recovery requirements at all 3 mark-resight localities.  
The population estimates at the Leaf River site and Chickasawhay River site were 
considerably higher than what was found during the early 1990’s when there were 
approximately 4 basking G. flavimaculata per river mile in 40 miles of the Leaf River 
and 20 miles of the Chickasawhay (U.S. Fish and Wildlife Service 1991).  However, 
USFWS surveys were conducted by moving boats which have been noted to startle 
turtles even before they come into the turtle’s view (W. Selman, pers. obs).  Therefore, 





flavimaculata, especially if weather conditions were not conducive to basking (i.e., 
cloudiness, summer months).  Additionally, basking density surveys met or exceeded 
recovery requirements at 6 of 10 sites within the Pascagoula River (3 of 3), Leaf River (2 
of 4), and Chickasawhay River (1 of 3; Table 3.2).  However, within the Pascagoula 
River system and the lower 129 rkm of the Leaf and Chickasawhay rivers (specified 
habitat to be protected in recovery plan), 6 of 6 surveys met or exceeded recovery plan 
objectives (sites 1, 2, 3, 4, 5, 8); the other survey reaches within the upper Leaf and 
Chicksawhay rivers that did not meet recovery requirements (sites 6, 7, 9, 10) will likely 
never meet these requirements due to smaller river characteristics and patchiness of 
optimal habitat for this species.   
Graptemys flavimaculata was also found in much smaller drainages (15-20 m 
wide) than previously described for this species.  Within these smaller creeks, it is 
uncertain how much area is occupied by turtles since there are river stretches of 
apparently suitable habitat (open canopy, snags, moderate flow, sandbars) separated by 
kilometers of apparent marginal/unsuitable habitat (closed canopy, few snags, high flow 
with rapids, no sandbars).  It was previously uncertain if G. flavimaculata used these 
smaller rivers/creeks for year-round habitat or if they are seasonal refuges.  But if these 
smaller rivers/creeks are used only seasonally, one might expect the absence of adult 
females and hatchlings/juveniles, due to the more suitable habitat of larger rivers that 
have higher quality, large nesting sandbars.  However, adult females were encountered in 
the upper Leaf River and Bogue Homa, Gaine’s, Okatoma, and Tallahala creeks; 
hatchlings/juveniles were found within the upper Leaf River and Black, Bogue Homa, 





appear to offer year-round habitat, including nesting habitat and suitable year-round food 
resources.   
 It is uncertain why G. flavimaculata does not inhabit middle and upper portions of 
the Escatawpa River, Black Creek, and Red creek. These areas appear to offer similar 
and/or better habitats than other localities where they were observed (i.e., Okatoma and 
Bucatunna creeks).  The only apparent dispersal barrier between these drainages and the 
Pascagoula River appears to be when they encounter the Pascagoula River floodplain, 
where the creeks become narrow with few suitable sandbars and a closed tree canopy 
over the creek/river.  However, individuals were noted above this area within both Black 
and Red creeks, and therefore, appear to have overcome this barrier.  Further, these 
stretches are considered ‘blackwater’ habitat (clear, tannin stained waters), which likely 
contains fewer nutrients and may historically lack primary prey items; this, however, 
does not explain the presence of G. gibbonsi in these portions of Red and Black creeks.  
The absence of G. flavimaculata and G. gibbonsi from middle and upper portions of the 
Escatawpa River are likely due to the absence of many freshwater mollusks from this 
drainage (Williams et al. 2008).  Regardless, these areas should be surveyed in the future 
to determine if expansion is occurring within these creeks, particularly since these 
river/creek systems could harbor the exotic Asian Clam (Corbicula fluminea) in the 
future, a food item of both Graptemys species (Ennen et al. 2007, W. Selman, unpubl. 
data). 
The decline of the largest population of G. flavimaculata in the lower Pascagoula 
River is disconcerting.  This population decreased significantly (by approximately 47%) 





Qualls 2008) and did not rebound in the three following years.  However, during 2007 
and 2008 the percentage of juveniles captured increased dramatically (41 of 250; 16.4%) 
in comparison to 2005 and 2006 (7 of 229; 3.1%).  However, since we did not focus on 
the nesting of G. flavimaculata during this study, we are unsure of the exact mechanism 
that led to increased juvenile frequency in the lower Pascagoula River following 
Hurricane Katrina.  Some possibilities may include: three consecutive dry years 
following Hurricane Katrina which might have increased nest/hatching success, lower 
nest mortality due to flooding (Horne et al. 2003) during these dry years, lower numbers 
of nest predators due to predator mortality associated with the Hurricane Katrina storm 
surge/flooding, and/or better riverine conditions; all of these possibilities warrant future 
study.  This population in the future, however, is highly susceptible to declines due to a 
multitude of threats that do not exist in other populations, of which many are due to the 
dramatic human population growth in southeast Mississippi (i.e., excessive recreational 
boating traffic, likely salinity increases due to municipal/industrial freshwater 
withdrawals, human collection).   
G. gibbonsi status.—Graptemys gibbonsi was found in many localities where it was 
previously documented, as well as some new drainages and range extensions.  Previous 
surveys may have overlooked many of these ‘new’ drainage localities because of their 
small sizes, so it is unknown to what extent G. gibbonsi historically occurred within these 
drainages.  This species was found to be in much smaller drainages (i.e., upper Bucatunna 
and Long creeks) than was G. flavimaculata.  However, these drainages likely contain 





 The absence of G. gibbonsi from Bouie and Okatoma creeks, where it occurred 
historically, is clear.  We suspect that its absence is likely due to periods of historically 
poor water quality within these drainages.  J.W. Cliburn (pers. comm.) noted that these 
creeks were highly polluted during the 1970’s and therefore, this species may have been 
locally extirpated in these drainages.  This would likely be due to the loss of main prey 
items, which are primarily mollusks for females (Ennen et al. 2007, Lindeman and 
Sharkey 2001). These drainages currently appear to be suitable habitat for G. gibbonsi 
and both contained G. flavimaculata, but we suspect that G. flavimaculata may have 
persisted in these drainages because of a more generalized diet (Seigel and Brauman. 
1994).  A similar situation was noted within the Pearl River near Columbia, downstream 
of a pulp mill, where Graptemys oculifera (Ringed sawback) populations remained stable 
over 17 years, while G. gibbonsi declined over the same time period (W. Selman and 
R.L. Jones, unpub. data).  Graptemys gibbonsi, therefore, could be more prone to declines 
due to the loss of mollusk populations which have been documented in Mississippi (Jones 
et al. 2005).   
G. gibbonsi population levels could not be determined in the Chickasawhay River 
or lower Pascagoula River due to the difficulty in catching enough individuals for a 
mark-resight survey.  Only two population estimates were completed at the Leaf River 
site and the population was found to be 2-3.5 times lower than G. flavimaculata 
population levels in the same river stretch (Table 3.1).  However, if we extrapolate 
trapping data from our other two sites that lack population estimates and compare them to 
our Leaf River population estimate, G. gibbonsi likely occurs at much lower levels in the 





Thus, bridge surveys, basking density surveys, and trapping data from the 
Pascagoula River system indicate that G. gibbonsi occurs in much lower abundance 
throughout the drainage in comparison to G. flavimaculata.  In contrast, Tinkle (1958) 
found these species in nearly similar abundance within the Pascagoula River (21 G. 
flavimaculata to 15 G. gibbonsi).  In addition, populations of the federally Threatened G. 
oculifera were surveyed within West Pearl River and Bogue Chitto River (Pearl River 
system) of Louisiana and G. gibbonsi populations were in lower numbers in both surveys 
in comparison to G. oculifera (Dickerson and Reine 1996, Shively 1999).  In addition, 
over the last 17 years in the lower Pearl River (vicinity of Columbia, MS), G. gibbonsi 
populations have dropped from 46 percent of the captured Graptemys in 1990 to 17% in 
2006; over the same time period, Graptemys oculifera populations remained stable (Jones 
and Selman, unpubl. data). Therefore, in summary, many factors could complicate 
management decisions for G. gibbonsi including: smaller population sizes within the 
Pascagoula and Pearl rivers than either of the Threatened species (G. flavimaculata and 
G. oculifera); it has a wider distribution than G. flavimaculata; it is a dietary specialist 
(Ennen et al. 2007, Lindeman and Sharkey 2001); and there are genetic differences 
among the two major drainages inhabited (Ennen et al., unpubl. data).  Therefore, we 
concur with Lindeman’s (1998, 1999) recommendation that G. gibbonsi should be 
federally listed as Threatened and be designated as Endangered (EN) by the IUCN.  We 
also suggest state endangered status for G. gibbonsi in Mississippi and Louisiana. 
Drainage Comparisons.—There appear to be major differences in turtle densities 
between the two major rivers of the Pascagoula River system, the Leaf and 





found similar densities of both Graptemys species in the Pascagoula and lower Leaf 
rivers, but much lower densities in the Chickasawhay River (Tables 3.1 & 3.2).  
Additionally, our population estimates from the Chickasawhay and Leaf River sites are 
similar (Table 3.3), but the Leaf River site is approximately 121 rkm upstream from the 
origin of the Pascagoula River, whereas the Chickasawhay River site is only 43.8 rkm; 
this indicates that good populations of G. flavimaculata extend much further up the Leaf 
River in comparison to the Chickasawhay.   
The Leaf River appears to be more similar to the Pascagoula River in that they 
both have large meander sections with associated nesting sandbars and large amounts of 
deadwood in cutbank river sections.  The Chickasawhay River, on the other hand, is a 
more north-to-south river and it cuts across rather different geological formations (Bicker 
1969) than the Leaf, in particular, rocky strata in the headwaters.  In addition, the river 
level fluctuates quite rapidly in the Chickasawhay relative to the Leaf River, likely due to 
a more restricted channel in the headwaters of the Chickasawhay River.  This could lead 
to swifter river currents, shadier river sections, fewer nesting beaches, and overall lower 
nutrients within the Chickasawhay River system, which could contribute to the overall 
lower density of turtles within this river.  Support for this conclusion also comes from a 
study with the Alabama Shad (Alosa alabamae) which found a lower growth rate and 
body condition of juvenile shad from the Chickasawhay River relative to the Leaf River 
(Mickle et al. 2009); this fish species feeds partly on aquatic insects, a Graptemys prey 
item.   
Conservation Recommendations.—We believe in order to maintain critical habitat for 





tributaries of the Pascagoula (Leaf and Chickasawhay rivers) that harbor Graptemys 
populations. Additionally, efforts should continue to curtail activities that aim to alter the 
Pascagoula River and its tributaries, including the pending Federal Strategic Petroleum 
Reserve project.  This project plans to withdraw water (~50 million gallons/day) from the 
Pascagoula River to dissolve a salt cavern for oil storage, as well as carrying (by pipeline) 
the salt brine by-product to dispose in the Gulf of Mexico.  This project has the potential 
to cumulatively impact the river system by potentially lowering water levels, by saltwater 
intrusion in coastal areas due to lower river discharge, through a break in a salt brine-
carrying pipeline causing hypersaline brine discharge into freshwater systems, or by salt 
brine influx to the river following brine disposal into the Gulf of Mexico.  This project 
and others like it will not do anything positive for this river system, but they have the 
possibility to negatively impact the relatively pristine aquatic communities of this river 
system. 
 Appropriate conservation measures for Graptemys species within the Pascagoula 
River system should include protecting and improving habitat suitability of occupied 
rivers/creeks; discouraging habitat alteration (i.e. de-snagging projects, impoundments, 
channelization, poorly planned riparian land developments); controlling invasive species; 
and law enforcement to limit illegal collection, shooting of turtles, and ATV use on 
nesting sandbars.  We also support any efforts to offer conservation incentive programs to 
riparian landowners throughout the Pascagoula River system, as well as policies to 
protect riparian zones. These should decrease the impact of sedimentation on rivers 





Conclusions and Future Survey Recommendations.—Our data indicate that there has 
not been an observable range contraction for G. flavimaculata since 1970, but possibly a 
range expansion; it is uncertain if this is a ‘real’ expansion or an artifact of the more 
exhaustive survey effort of this study.  Additionally, it appears that G. flavimaculata 
populations appear more robust than recorded during previous surveys (U.S. Fish and 
Wildlife Service 1991; Lindeman 1998, 1999).  However, the largest population of G. 
flavimaculata within the lower Pascagoula was severely impacted during our study 
following Hurricane Katrina and many threats continue to exist due to the dramatic 
human population increase of coastal Mississippi counties.  Our data also provides 
additional support to Lindeman’s (1999) recommendation to federally list and upgrade 
the IUCN status of G. gibbonsi.  With the little historical information that is available, it 
is probable that G. gibbonsi is declining, while already having lower rangewide 
population density than either of the two federally Threatened Graptemys species (G. 
flavimaculata or G. oculifera).   
Lastly, our study indicates that even though the distribution of a species has been 
well studied (i.e. G. flavimaculata), additional new populations and/or new drainage 
localities may exist.  Several localities that were deemed too narrow or shallow for 
Graptemys by McCoy and Vogt (1980) were found by our surveys to contain Graptemys 
populations.  Additionally, four localities for G. flavimaculata were thought to not have 
populations from our bridge survey results (Bucatunna Creek, Thompson’s Creek, Lower 
Black Creek, and Upper Leaf River) and were only later confirmed after basking density 
surveys by canoe/boat were completed in the same stretch of river.  Even more striking 





density survey in the lower Escatawpa, but only after spending multiple days in the area.  
Therefore, we suggest that more rigorous range-wide studies should be initiated for other 
imperiled southeastern riverine turtle species using multiple methods as this study has to 
establish baseline distributional and population status data.  Surveys should focus in core 
habitats and existing localities, as well as those areas that have been unsurveyed and/or 
are believed to be unsuitable habitat.  Thereafter, these studies should then be able to 
provide quality information to individuals making conservation decisions for species or 














BASKING ECOLOGY OF THE YELLOW-BLOTCHED SAWBACK  
(GRAPTEMYS FLAVIMACULATA)  
 
Abstract.—The role of basking in chelonians is an understudied behavior, especially 
considering how conspicuous it is in some species.  Of the past studies conducted on 
turtle basking behavior, researchers have suggested many physiological roles that basking 
likely fulfills in turtles.  We documented basking behavior of an imperiled Graptemys 
species of the Southeastern United States, the Yellow-blotched sawback (Graptemys 
flavimaculata), on the Leaf River, a tributary of the Pascagoula River in southeastern 
Mississippi. We used binoculars and/or a spotting scope to determine G. flavimaculata 
individual and population level basking behaviors throughout the main active months 
(April- October) and across the daily activity period; we also describe a new method to 
determine population basking percentage that may be useful for future aquatic turtle 
surveys.  We found distinct differences in individual and population level basking 
behavior across months, sexes, and the daily activity period.  In addition, we also 
documented differences among sexes in basking structures used, but found little 
correlation with population level basking related to several environmental temperature 
variables.  Our results suggest that there are still many questions to be answered and that 
future studies should continue to explore this interesting behavior, particularly in the area 








 Basking activity of aquatic Emydid turtles is one of the most conspicuous daily 
behaviors exhibited by this group, making it an easily studied topic for researchers.  Early 
studies assumed that the primary physiological role of basking in turtles was to regulate 
body temperatures, as well as condition the skin and shell (Cagle 1950, Boyer 1965, Auth 
1975).  Moll and Legler (1971) hypothesized that basking increases metabolism and 
digestion rates.  Others suggested that basking aids in vitamin K synthesis (Pritchard and 
Greenhood 1968), increases follicular/egg production in female turtles during the nesting 
season (Hammond et al. 1988, Krawchuck and Brooks 1998), allows turtles to rest 
(Boyer 1965, Waters 1974), fights infection by “behavioral fever” (Monagas and Gatten 
1983), and rids turtles of ectoparasites (Cagle 1950, Neill and Allen 1954, Vogt 1979, 
Selman et al. 2008, Selman and Qualls 2009a).  In summation, Moll and Legler (1971) 
stated that basking is likely initiated by a single impulse, which is either triggered by an 
external factor or internal physiological need, while other secondary benefits are 
thereafter gained.  
 Members of the genus Graptemys are highly aquatic, freshwater turtles with many 
species endemic to single river drainages of the southeastern United States (Ernst and 
Lovich 2009).  Turtles within this genus often occur in large basking aggregations, 
usually on emergent deadwood snags (e.g. fallen trees from river banks).  Sometimes 
turtles are stacked upon one another (Floyd 1973, W. Selman per. obs.) or turtles may 
bask up to several meters above the water surface (Floyd 1973, Vogt 1980); both of these 
behaviors likely function to enhance the detection of predators.  Even though Graptemys 





species within the Graptemys genus (G. barbouri- Sanderson 1974; G. ernsti- Shealy 
1976; G. geographica- Flaherty and Bider 1984, Ecksdine 1985, Bulté and Blouin-
Demers, 2009; G. nigrinoda- Waters 1974; G. pseudogeographica/ G. oauchitensis- 
Coleman and Gutberlet 2008).  Although many Graptemys species are commonly 
observed within river systems of the southeastern United States, seven of the twelve 
species within the genus are considered imperiled (G2) or vulnerable (G3) due to their 
restricted distributions or endemism to single river systems 
(http://www.natureserve.org/explorer, accessed 31 August 2009).  Furthermore, threats to 
Graptemys species include human modifications/alterations of river systems 
(impoundments, de-snagging operations [removal of deadwood], excess sedimentation, 
poor water quality), overcollection for the pet trade, fisherman bycatch, exotic/invasive 
species, subsidized predators, and the shooting of basking turtles by humans as target 
practice (Buhlmann and Gibbons 1997; Lovich et al. 2009; Jones and Selman, 2009, 
Selman and Jones, 2010). 
The Yellow-blotched sawback (Graptemys flavimaculata) is an imperiled riverine 
turtle of the Pascagoula River system of southeastern Mississippi, USA (Selman and 
Jones, 2010).  Graptemys flavimaculata was listed as Federally Threatened (U.S. Fish 
and Wildlife Service 1991) following observed declines in the 1980’s.  Following Federal 
listing, several studies were initiated to determine the population status (Jones 1994), 
home range and seasonal movements (Jones 1996), habitat associations (Lindeman 1998, 
1999), reproduction/nesting ecology (Horne et al. 2003), seasonal hormone cycles 
(Shelby et al. 2000, Shelby and Mendonça 2001), and nesting/basking behavior in 





conducted in the lower Pascagoula River (Jackson County, MS) where the most robust 
population of G. flavimaculata exists (Selman and Qualls 2009b).  Within the range of G. 
flavimaculata, the lower Pascagoula River population is considered one of the most 
threatened (Selman and Jones, 2010), primarily due to excessive nest predation by 
human-subsidized predators (Horne et al. 2003); recreational boating disturbances on 
basking behavior, nesting, and direct mortality (Moore and Seigel 2006); and the negative 
impacts following Hurricane Katrina (Selman and Qualls 2008).  
Moore and Seigel (2006) found that many turtles within the lower Pascagoula 
River were disturbed by human recreational activity while basking and nesting.  
However, due to the magnitude of recreational activity observed during their study, it is 
unlikely that this population exhibited basking patterns similar to other upstream, 
minimally disturbed populations.  Additionally, outside of the lower Pascagoula River 
population, little is known of the behavioral ecology of G. flavimaculata from smaller 
river systems, away from large amounts of human activity.  Therefore, our study 
examined basking in this species by studying individual and population level basking 
behaviors in relation to sex, time of day, season, basking substrate type, and 
environmental temperatures at a site that had little human disturbance. 
 
MATERIALS AND METHODS 
Basking Observation Methods.—The study site was a relatively undisturbed locality 
on the Leaf River (Forrest County, Mississippi, USA).  This site was selected because it 
was free of excessive human recreational activity that could alter turtle basking behavior.  





site and a second 12.7 rkm upstream of the site, are nearby, low water levels during most 
of the year limited accessibility by motorized boats.  This stretch of the Leaf River is a 
medium-sized river (approx. 30 m wide) with alternating sandbar/cutbank sections.  
Abundant submergent/emergent deadwood and a sandy/gravel substrate are characteristic 
of this river stretch.  This study site was also selected since previous studies documented 
sufficient numbers of G. flavimaculata in this area (Selman and Qualls 2009b).   
Observations of turtle basking behavior were conducted during the months of 
June 2007-October 2007 and April-May 2008.  Basking behavior was studied on mostly 
to completely sunny days with the observer located in a concealed position on a sandbar 
opposite of a cutbank section where turtle basking structures (i.e. emergent deadwood) 
were abundant. Observations were conducted with binoculars and/or a 60mm, 15 – 45 
power spotting scope with tripod.  Daily observations usually lasted 4 hours, but did not 
exceed 10 consecutive hours in a single day.  Observations were attempted each month 
on at least two days (one weekend and one weekday) and were made during prime 
basking hours (i.e. 0700 hrs-1900 hrs during the summer); weather conditions did not 
always permit complete daily observations each month.  
During observations, basking behavior was documented using two methods: 
individual turtle basking observations and hourly basking frequency counts.  The first 
method was used to document individual turtle basking duration, whereas the second 
method was used to determine daily population level basking frequency.  In the first 
method, when an individual G. flavimaculata was spotted emerging onto a basking 
structure, the sex of the turtle (individuals of undetermined sex and hatchlings were 





When the individual terminated basking, the time of submergence and total basking time 
was recorded.  When turtles were startled into the water prematurely, the apparent reason 
for submergence, either natural or human disturbance, was also noted.  Basking structure 
types were categorized similar to that of Lindeman (1999), where basking structures were 
considered logs, branches, tree crowns, or tangles based on their size and structural 
complexity.  However, we categorized stumps as branches or logs depending on their 
sizes.  We could not confirm the individual identity of turtles when basking (unless a 
turtle had unique carapace markings) and therefore, could usually not determine the 
amount of time during the day that a single turtle basked.   
The second method, hourly basking frequency counts, was also conducted during 
these observations by counting the number of basking G. flavimaculata within a 
measured, predetermined stretch of viewable river at the beginning of each hour.  The sex 
of individuals was recorded when possible, as well as the number of other turtle species 
observed basking.  Other basking turtle species observed included: Apalone mutica 
(Smooth Softshell), Graptemys gibbonsi (Pascagoula Map turtle), Pseudemys concinna 
(River Cooter), Sternotherus carinatus (Razorback Musk turtle), and Trachemys scripta 
(Pond Slider). 
 Three environmental temperatures were measured at the study site: ambient air 
temperature at a shaded terrestrial site, water temperature, and the temperature of a sunlit 
basking log.  We used HOBO® Water Temp Pro v2 and Pro v2 Temperature/ External 
temperature data loggers (Onset Computer Corporation) to collect temperature data every 
five minutes at the site; water and log temperature loggers were attached to basking logs 





Waterproof Shuttle (Onset Computer Corporation) and used HOBOware Pro data logging 
software (Onset Computer Corporation) to organize temperature data.  We thereafter 
associated these temperature readings, along with three other temperature variables (1. 
air/water temperature difference, 2. log/air temperature difference, 3. log/water 
temperature difference), with each hourly basking frequency count.  Temperature data 
were not collected during June 2007 and log temperatures could not be collected in April 
and May, 2008, because loggers were lost during high water levels.  For the latter period, 
log temperature data from another site (Pascagoula River, Jackson County, MS; 
approximately 115 km southeast) was substituted, with the presumption that there was 
little difference in log temperatures across the two sites for that time period. Additionally, 
since water temperature loggers had to be attached to a log below the water surface and 
because there were naturally fluctuating river levels, water temperatures could not be 
collected at the same depth for every reading.   
Statistical Analysis of Individual Basking Behavior.—Many turtles basked for a short 
period of time and few basked for longer periods of time, resulting in a Poisson 
distribution of individual basking observations, so we log-transformed our data to meet 
parametric assumptions.  We analyzed yearly individual basking duration differences by 
sex (M, F, or Juvenile) using a one factor ANOVA; if differences were found (p<0.05), 
we used a Tukey-Kramer post hoc test to determine if the differences among sexes were 
significant.  We also used two-factor ANOVAs to determine the effects of sex and month 
(April-October) on basking duration and also to determine the effects of sex and time of 
emergence (09:00-17:00 hrs) on basking durations of turtles.  For the time of emergence, 





were recorded as emerging at the beginning of that hour (ex. 11:00) to simplify our data 
analysis.  Lastly, we used a chi-squared contingency table analysis to determine if the 
sexes used different basking structures equally. 
Statistical Analysis of Population Level Basking Behavior.—To determine population 
level basking behavior, we calculated the percentage of the population that was basking 
during each hourly basking frequency count.  We measured the river stretch that was 
surveyed using a laser range-finder (Nikon Laser 800) and estimated the number of 
turtles that should be in that stretch using a previous population-size estimate (2007 Leaf 
River population estimate; Selman and Qualls 2009b).  For each hourly basking 
frequency count, we divided the total number of G. flavimaculata observed basking by 
the estimated number of turtles in the observed stretch of river.  We used a one factor 
ANOVA to determine if the estimated percentage basking was equal across observed 
months (April-October).  A one-factor ANOVA was also used to determine if the 
estimated percentage basking was equal throughout the day.  Lastly, we plotted raw 
basking counts of males, females, and juveniles observed to determine yearly basking 
frequencies, as well as seasonal basking frequencies for the Spring (April, May), Summer 
(June, July, August), and Fall (September, October). 
Statistical Analysis of Population basking and environmental conditions.—We used a 
stepwise multiple regression to determine what effect environmental variables had on the 
number of turtles basking.  In our first model, we analyzed percentage basking based 
upon water, air, and log temperatures using a 0.75 probability to enter and a 0.95 





based on air/water, log/air, and log/water temperature differences using a 0.75 probability 
to enter and a 0.95 probability to leave the model. 
We also used a second order polynomial regression to determine the relationship 
between the number of turtles basking among males and females (using raw data from 
basking frequency counts) with water, air, and log temperatures.   Significance level was 




During our 7 month study (June-October 2007; April, May 2008), 186.1 total 
hours of basking observation were logged at the Leaf River site.  During these 
observations, 1124 independent basking occurrences for Graptemys flavimaculata 
individuals (478 F/ 595 M/ 51 JUV) were documented and an additional 157 hourly 
basking frequency counts were made at the Leaf River site. 
Individual Basking Behavior.—Yearly mean basking duration for G. flavimaculata 
(all sexes) at the Leaf River site was 38.4 minutes (n = 1124, SD = ± 49.9min.).  Mean 
male basking duration was 36.2 minutes (n = 595, SD = ± 49.9 min., Range = <1 – 464 
min.), mean female basking duration was 42.8 minutes (n = 478, SD = ± 51.0 min., 
Range = <1 – 336 min.), and mean juvenile basking duration was 23.5 minutes (n = 51, 
SD = ± 31.1 min., Range = <1 – 149 min.).  Basking duration differed significantly 
among the sexes (F2, 1118 = 7.22, p = 0.0008), with female basking duration being 
significantly longer than both males and juveniles.  Male basking duration was not 





basked for periods longer than 100 minutes, 17 individuals (1.5%) that basked over 200 
minutes, and five individuals (0.4%) that basked over 300 minutes. The maximum 
basking duration observed was 464 minutes (1004-1748 hrs) by a male G. flavimaculata 
on 15 April 2008 when log temperatures (27.3°C - 33.2°C) were considerably warmer 
than air (13.0°C - 17.6°C) or water (16.4°C - 20.0°C) temperatures.  
There was also a significant difference in turtle basking duration by month (F6, 
1117 = 3.4, p = 0.003) with individuals basking for longer periods in October than in June 
and August, but not longer than April, May, July, or September (Figure 4.1). There were 
also significant differences between the sexes (F2, 1117 = 5.75, p = 0.003) with females 
basking longer than juveniles but not males and no difference between males and 
juveniles.  The interaction term was not significant (F12, 1117 = 1.09, p = 0.36).   
We found a significant difference in turtle basking duration by time of emergence 
(F10, 1096 = 3.51, p = 0.0001), with longer durations when turtles emerged to bask in the 
morning (0700 - 1100 hrs) and afternoon hours (1600 - 1800 hrs) relative to midday  
 
Figure 4.1. Graptemys flavimaculata basking duration (in minutes) by sex (Females- 







Figure 4.2. Graptemys flavimaculata basking duration (in minutes) by sex (Females- 
black bars, Males- dark grey bars, Juveniles- light grey bars) and daily time period.  Each 
individual that emerged to bask within a specific hour (ex. 8:00-8:59 am) was considered 
only to emerge for that hour (08:00). 
 
hours (1200 hrs- 1500 hrs; Figure 4.2).  There was a similar significant difference among 
the sexes (F2, 1096 = 5.22, p = 0.006) with females basking longer than males and 
juveniles, and males basking longer than juveniles.  There was not a significant 
interaction term (F20, 1096 = 1.07, p = 0.37).   
We found a significant difference among the sexes in basking structure type used 
by individuals (χ
2
= 174.12; p <0.0001).  Females almost exclusively used logs/floating 
logs as basking platforms (81.5%), with branches used less often (14.7%).  Males used 
logs/ floating logs (46.5%) and branches (39.8%) almost equally; males also used crowns 
(9.3%) and tangles (4.1%) more often than females (crowns- 3.3%, tangles- 0.4%).  
Juveniles were most often observed using branches (64.7%) and logs (27.5%) with a 
smaller proportion using crowns (7.9%).  In most circumstances, the preferred basking 





overhanging vegetation/limbs.  On one occasion an individual was noted to bask on the 
river bank (a female), but this was during high river levels when many deadwood 
structures were submerged.   
Population Level Basking Behavior.—We found a significant difference in the 
percentage of all turtles basking across months (F6, 156 = 7.10, p <0.001; Figure 4.3) with 
significantly higher percentages basking during the month of May and July in comparison 
to the other months.  We also found a significant difference in the percentage basking by 
time of day (F13, 155 = 1.89, p =0.036; Figure 4.4) with a higher percentage of the 
population basking from 1200-1400 hrs and again from 1600-1800 hrs relative to 
morning (0800-1100 hrs) and evening (1900-2000) basking percentages.  Distinct 
seasonal differences were also observed (Figure 4.4, B-D) with significantly different 
basking percentages during the spring (F10,55 = 2.46, p = 0.02), when basking percentages 
were greater at midday relative to early morning and late evening hours.  No differences 
were observed in basking percentage by time of day during the summer (F13,70 = 0.85, p = 
































































Figure 4.3. Percentage of the Leaf River Graptemys flavimaculata population basking 












































































































































































































































































































































Figure 4.4.  Percentage of the Leaf River Graptemys flavimaculata population basking 
during the daily activity period for the A) year, B) Spring, C) Summer, and D) Fall. 
 
For both males and females, raw basking counts showed a clear yearly basking 
frequency pattern with a bimodal basking trend with peaks around 1200 - 1300 hrs and 
1600 - 1800 hrs (Figure 4.5A).  However, there were clear differences among the three 
seasons, similar to our basking percentage results. During the spring (Figure 4.5B; April, 
May), basking frequency was unimodal and peaked for both sexes during the midday 
hours (1200-1400 hrs); female to male basking ratio was higher during the spring than 
A 





any other season.  During the summer (Figure 4.5C; June, July, August), basking 
frequency was bimodal for both sexes with a morning peak around 0900 hrs and a late 
afternoon peak at 1600 - 1900 hrs.  During the summer, basking occasionally continued 
until 2000 hrs (past sunset) and male basking counts were higher than female counts 
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Figure 4.5. Leaf River Graptemys flavimaculata basking frequencies (raw data) of males 
(solid line), females (dashed), and juveniles (dotted) throughout daily hours during the 
entire year (A; April-October), spring (B; April and May), summer (C; June, July, 






were less distinct with a slightly bimodal frequency for males and females with peaks at 
both 1200 and 1600 hrs.  Female to male basking ratios were lower during the fall in 
comparison to other seasons.  Juveniles basked at much lower levels throughout the year, 
with no clear pattern to preferred basking times. 
Population Basking and Environmental Conditions.— Since basking was observed 
during all months under extremely variable environmental conditions, we wanted to 
determine which environmental variable(s) was responsible for most of the variation in 
population level basking.  We found that there was little explained variation within our 
first stepwise multiple regression model, with air (F = 0.115, R
2
 = 0.0174) and water (F = 
0.936, R
2
 = 0.0166) temperatures explaining most of the variation in percentage basking.  
The second model explained even less variation with the log/water temperature 
difference (F= 0.784, R
2
 = 0.0051) responsible for most of the variation. There was also a 
significant but low level polynomial relationship between basking male counts and log 
temperatures (males R
2
 = 0.053, p = 0.024), but no relationship with air (males R
2
 = 
0.011, p = 0.45) or water (males R
2
 = 0.009, p = 0.51) temperatures.  Female basking 
counts showed significant but low level relationships with all three variables, including 
log (R
2
 = 0.13, p = <0.0001), water (R
2
 = 0.065, p = 0.009), and air (R
2
 = 0.064, p = 
0.010) temperatures. 
 Graptemys flavimaculata were also seen basking during many ‘unconventional’ 
conditions, including heavy cloud cover, rain, impending thunderstorms, and even into 
the late evening after sunset.  The latter is of particular interest since turtles were 





ambient air and log temperatures were cooler than water temperatures and during the 
summer months, many turtles were also noted to be shedding carapacial scutes.   
Disturbances While Basking.—Both natural and unknown disturbances prematurely 
startled turtles from their basking structures during the study; these instances disturbed 73 
of 1124 (6.6%) monitored Graptemys flavimaculata.  Most of the natural disturbances 
observed were of other turtles climbing onto the basking structures.  Primarily, larger 
turtles pushed smaller ones off of their basking structures, both intraspecifically (mostly 
larger G. flavimaculata females disturbing males) and interspecifically (Pascagoula Map 
turtles- Graptemys gibbonsi, River Cooters- Pseudemys concinna).  Other natural 
disturbances to turtle basking behavior include several different species of large 
predatory birds flying over (Osprey- Pandion haliaetus, Great Egret- Ardea alba, Great 
Blue Heron- Ardea herodis, Snowy Egret- Egretta thula), a swimming beaver (Castor 
canadensis), an unknown fish species that breached the water surface near basking 
turtles, floating logs, and floating river foam.  An alligator (Alligator mississippiensis) 
was also observed to disturb basking G. flavimaculata at another site in a related study.  
Several species did not disturb basking turtles including swimming wood ducks (Aix 
sponsa) and water snakes (Nerodia sp.).  Occasionally, turtles would abandon their 
basking site in the absence of any noticeable natural or human disturbance.  This often 
occurred when there were large basking aggregations of turtles, with the whole bale of 
turtles diving into the water, most likely induced by one individual reentering naturally. 
In addition to natural disturbances, 119 (10.6%) of the monitored G. 
flavimaculata were disturbed by human recreation/recreational boating. However, many 





thunderstorms were approaching the site and precluded watching observed turtles until 
natural submergence. If these instances are removed, only 45 (4%) observed turtles were 
disturbed at the Leaf River site due to human activities/recreation.  Only nine recreational 
boats were documented passing through the study site during our observation periods, but 
during these instances, almost all monitored basking turtles were disturbed (91%; 30 of 
33 monitored individuals). Other human disturbances were mostly associated with 
neighboring landowners visiting the river to swim or walk the sandbars.  A dog and horse 
on the cutbank also disturbed basking turtles, while some man-made floating objects also 
disturbed basking G. flavimaculata at a related study site (Selman et al. 2009). 
Other unique basking observations.—On three occasions, extensive shuttling 
behavior was observed by the same individuals (one female, one juvenile female, and one 
male) which could only be determined by the unique coloration and/or patterning of the 
carapace.  On 20 June 2007, a female was noted eight times shuttling on and off the same 
log between 1343-1511 hrs for a total basking time of 74 minutes (17 minutes, 13, 10, 8, 
5, 7, 8, 6); unfortunately, no environmental data was collected on this day but we 
presume the water temperature was much cooler than log/air temperatures.  On 10 
September 2007, a juvenile female was observed shuttling eight times on and off 
different branches and tangles between 0857 (water: 26.9°C, air: 26.6°C, log: 28°C) - 
1400 (water: 29.4°C, air: 32.2°C, log: 33.6°C) for a total basking time of 163 minutes 
(80, 9, 52, 19, 8, 8, 29, 31).  On two occasions the juvenile female was disturbed by 
another turtle pushing her off the basking structure.  Lastly, a male individual was noted 





20.1°C, air: 19°C, log: 22.5°C)- 1305 (water: 24.4°C, air: 26.2°C, log: 32.4°C) for a total 
time of 147 minutes (3, 2, 17, 9, 39, 2, 1, 2, 72). 
 Basking turtles were also observed on three occasions “testing” the water 
temperature before submerging after basking.  This behavior was observed twice on 17 
July 2007 with two different individuals (one male, one female).  These two individuals, 
before they returned to the water, both dipped only their heads completely under the 
water surface.  The male did this twice at 1020 hrs (water: 24.7°C, air: 28.3°C, log: 
31.4°C) and thereafter returned to the water after basking for 141 minutes; the female did 
this once for approximately 15-20 sec (1808 hrs; water: 26.5°C, air: 27.1°C, log: 27.7°C) 
before submerging after basking for 138 minutes. During the week prior to these 
observations, several inches of rain fell within the Leaf River basin causing water levels 
to be much higher than normal and water temperatures to be unseasonably cool for July.  
Another observation of this behavior was made on 7 May 2008 (1727 hrs; water: 24.7°C, 
air: 27°C, log: 30°C) when an unmonitored male G. flavimaculata (did not observe 
emergence time for individual) submerged the anterior portion of his body while the 
posterior end was clinging to the basking structure.  During the 1-1.5 minutes of this 
behavior, he raised his head out of the water twice and only thereafter did he submerge. 
 
 DISCUSSION  
The difference in basking duration between adult and juvenile Graptemys 
flavimaculata is not surprising due to the dramatic differences in body sizes as well as the 
greater ability to lose/gain heat by smaller turtles (Boyer 1965).  Our findings are similar 





longer periods than smaller turtles.  However, in our study, it is puzzling that males did 
not bask for much shorter periods in comparison to females (mean 6.6 minutes shorter 
throughout the year) considering the dramatic sexual size dimorphism in this species, 
with adult males as small as one-tenth the mass of adult females (Selman and Jones, 
2010).  One explanation is that while basking, males appeared to be better able than 
females to change their positions on basking structures because of their smaller size and 
greater agility.  This presumably allows them to regulate their temperatures on a finer 
scale than females by changing their body position relative to the sun, thus permitting 
them to bask slightly longer than expected; Bulté and Blouin-Demers (2009) also 
suggested that female G. geographica do not thermoregulate as accurately (i.e., their 
body temperatures were less often within preferred body temperatures) relative to males 
and juvenile females.  During this study, maximum basking durations found for 
individuals (464 minutes for a male, 336 for a female) were much longer than previously 
reported in other aquatic Emydid turtles (Auth 1975), but not longer than our other recent 
studies that documented similar maximum basking durations for two other aquatic turtle 
species (Pseudemys concinna- 485 minutes, Selman and Qualls 2009c; T. s. scripta- 430 
minutes, Selman and Qualls 2009d). 
Daily and seasonal differences in basking durations should be expected due to 
seasonally changing environmental conditions and physiological needs of turtles.  During 
the spring months, water temperatures are cooler than air and log temperatures, making 
basking critical for increasing turtle body temperatures.  During the spring, we observed 
the longest durations and highest basking frequencies of males and females, as well as the 





nigrinoda (Waters 1974). During this time, female basking durations are also longer, 
likely due to timing of ovarian follicle maturation prior to the nesting season (Shelby et 
al. 2000, Horne et al. 2003) and larger females take longer to heat than smaller males 
(Weathers and White 1971).  Therefore, during the spring basking is likely more utilized 
for meeting thermoregulatory needs. 
 By summer, water temperatures have increased substantially (up to 35°C) and 
basking for thermoregulation appears to be negligible.  Intense solar radiation during 
summer midday hours limits basking durations since turtles could overheat which 
precludes shell drying during these hours.  Since turtles bask for longer durations during 
the morning and evening hours of the summer and early fall, we hypothesize that basking 
during these periods is more for shell drying, conditioning, and scute ecdysis rather than 
primarily for thermoregulation.  Manning and Grigg (1997) proposed that the basking 
behavior exhibited by an Australian side-necked turtle (Emydura signata) was not for 
thermoregulation due to thermoconformy of turtle body temperatures to environmental 
temperatures; they suspected that basking in this species could be for vitamin D synthesis 
and/or removal of algal or fungal infestations.   
One anomaly during our summer observations was the month of July 2007, when 
basking durations (Fig. 4.1) and basking percentages (Fig. 4.3) were much longer and 
higher, respectively, than other summer months.  However, July air and water 
temperatures were unseasonably cool, similar to those of April and May, while river 
levels were unusually high.  Additionally, the week prior to observations was dominated 
by large amounts of rain and was not conducive to turtle basking.  Therefore, the long 





but quite similar to Waters (1974) observations, who found basking activity of G. 
nigrinoda to be more intense following several days of unfavorable basking conditions.   
Fall basking appears to be similar to spring basking in that water temperatures 
begin to cool while air and log temperatures during the midday continue to be conducive 
to turtle basking.  Also, male turtles are likely undergoing spermiogenesis during the fall 
(Shelby and Mendonça 2001) leading to longer basking durations and higher basking 
frequencies.  Even though females have longer basking durations during the fall, they 
bask in lower frequencies in comparison to spring months, thus making it unclear if 
females begin follicular growth for the upcoming nesting season during the fall (Shelby 
et al. 2000).  While no data was collected over the winter months, Jones (1996) and 
Moore (2003) observed G. flavimaculata active during all months of the year, including 
winter months; we also opportunistically noted turtles basking during the winter while 
retrieving temperature data from data loggers with much lower numbers observed 
basking compared to the spring to fall.  We presume that when turtles are active during 
the winter, they may bask for long durations due to decreased solar radiation and lower 
water temperatures that would promote long basking periods.  
Little is known about the life history of juveniles for most turtle species, with only 
two studies documenting basking behavior in juvenile Graptemys (Waters 1974, 
Lindeman 1993).  While basking, juveniles face a difficult challenge: basking increases 
the ability to assimilate food for growth which is key for this life history stage, but it also 
increases the potential for predation.  One would presume that the smaller size and 
surface area to volume ratio of juveniles with their greater ability to lose/gain heat, would 





juvenile basking durations, we found shorter basking times for juveniles relative to 
adults, but some basking durations were much longer that expected for this age class 
(max: 149 minutes).  In addition, basking durations for juveniles are longest during the 
morning hours and decrease throughout the day (similar to our daily basking frequencies 
results), making juvenile basking more unpredictable than adults.  Waters (1974) also 
noted juvenile G. nigrinoda basking to be erratic, with most occurring primarily during 
the morning hours.  Juvenile G. flavimaculata often chose basking locations closer to the 
bank and basking structures were usually located in or among overhanging 
vegetation/limbs.  We presume that juveniles choose locations that are closer to the bank 
and in shallower water to avoid larger aquatic predators (primarily predatory fish), while 
also choosing to bask among branches/overhanging vegetation to avoid predatory birds.  
These areas may also provide dappled sun and shade, allowing juveniles to shuttle 
between sunny and shady conditions.  The poorer swimming ability of juveniles may also 
confine them to these areas with slower current speeds near the bank relative to the main 
river channel.   
Different sexes did not use basking structures equally, likely due to their dramatic 
size differences, with females requiring more supportive structures (logs) relative to 
males or juveniles.  However, our study cannot account for two factors: 1) the changing 
matrix and availability of basking structures in this dynamic riverine system and 2) the 
percentage of each structure type occupied by basking turtles.  Even though we found a 
large number of females using logs and males using branches, we cannot account for the 
availability and/or the percentage of each type of basking structure used within our river 





(1999) addressed this topic with deadwood surveys among multiple river systems of the 
southeastern United States and found that within the Pascagoula River system the most 
common type of substrate was branches, followed by logs, tangles, stumps, and tree 
crowns.  Branches were rarely occupied by basking turtles (5%) while logs (12%) and the 
least encountered substrate type, tree crowns (15%) were occupied most; tree crowns 
were also highly occupied by turtles within the Pearl (45%) and Tennessee (96%) river 
drainages.  Therefore, if present, turtles may choose tree crowns that offer different 
basking structure sizes (limbs vs. trunk), different angled structures for differences in 
daily solar radiation needs, better protection from aerial predators, and safety in numbers 
since many turtles can bask in close proximity to each other.   
Lindeman (1999) also stated the importance of deadwood to basking turtles and 
that “de-snagging” operations would have a detrimental effect on turtles.  In addition to 
de-snagging, poor forestry practices within riparian corridors and near stream banks 
could have a deleterious impact on riverine deadwood abundance.  Forestry operations 
have been observed on multiple occasions to cut all trees from the river banks (W. 
Selman, pers. obs.), thus leaving no future input of basking structures (i.e. trees falling in 
as river erodes outer cutbank) and no support for the bank soil (Selman and Qualls 
2009b).  These practices lead to increased sedimentation, accelerated filling of deep water 
channels preferred by this species, and total dependence of that reach on upstream 
sources for basking structures.   
The absence of a strong correlation between Graptemys flavimaculata basking 
and the yearly environmental (temperature) variables we recorded indicates the dramatic 





surveys on G. geographica in Michigan and found the most important predictor of turtle 
basking was the temperature difference in basking site and water which explained 26.5% 
of the daily basking variation, with basking site temperature explaining another 16%.  
However, in comparison, our study encompassed almost the entire active season (April- 
October) and the yearly variation in environmental variables is likely much different than 
the three month period observed by Ecksdine (1985).  In contrast, Coleman and Gutberlet 
(2008) found low level polynomial relationships, similar to our study, in G. ouachitensis 
sabinensis and G. pseudogeographica kohnii basking in comparison to environmental 
temperatures from the Sabine River in southeast Texas.  Turtle basking was also greatest 
when water temperatures were between 15°C -25°C for both species examined, similar to 
our findings.   
One aspect of basking that cannot be addressed by our study or previous studies is 
the use of basking as a means for turtles to rest in flowing environments.  Very few 
studies mention the need for turtles to rest by using basking as the means to accomplish 
this (Boyer 1965, Waters 1974).  In non-flowing conditions, turtles may float at the water 
surface without expending much energy and rest without having to bask aerially.  In 
contrast, turtles in flowing conditions are constantly swimming upstream in order to 
maintain connection to home ranges, while also contending with water currents while 
feeding (Waters 1974).  We suspect that some of the variation that cannot be explained 
by our analyses is due to individuals basking to rest.  This would need to be verified in 
future studies. 
The impact of natural and anthropogenic disturbances appears to be minimal in 





appeared to have the biggest impact on whether turtles were disturbed, but these were 
very limited encounters.  Because this is a relatively isolated population and within a 
small riverine system, when human disturbance occurs, it disturbs a high percentage of 
the basking turtles relative to other sites where turtles may be more acclimated to human 
presence.  In contrast, other Graptemys populations in high recreational use areas appear 
to be somewhat habituated to human activities and very few are disturbed while basking 
(W. Selman, pers. obs.; P. Lindeman and B. Anders, pers. comm.).  Further research is 
needed to determine what role disturbance plays in turtle behavioral and physiological 
responses. 
Throughout this study, we observed many unique behaviors of G. flavimaculata, 
as well as other turtle species, by studying basking behavior in a more classical, field-
based approach.  However, we believe that many questions are still to be answered 
related to this topic and future studies should utilize more advanced technological tools 
(i.e. temperature sensitive transmitters/loggers) to answer the complexities of this 
behavior.  In addition, calculating basking percentages based on known population 
estimates of an observable, measured river stretch may allow future researchers to answer 
complex questions, especially when trying to compare populations of sympatrically 
occurring basking turtle species; this may, however, have some limitations if confidence 
limits are markedly different between the two populations.  In summation, the basking 
ecology of this species and turtles in general, appears more difficult to explain than 
previously thought due to complex daily individual physiological demands across 
seasons, sexes, and reproductive conditions, as well as environmental conditions that 





and Legler (1971) eloquently stated almost forty years ago: that basking is likely initiated 
by a single impulse, which is either triggered by an external factor or internal 







THE IMPACTS OF HUMAN RECREATION ON THE BEHAVIOR AND 
PHYSIOLOGY OF THE IMPERILED YELLOW-BLOTCHED SAWBACK 
(GRAPTEMYS FLAVIMACULATA)  
 
Abstract.—The impact of human disturbance on endangered animal populations is 
becoming an area of increasing interest due to the growing use of wildlands by humans 
for recreation.  Very few studies have documented the impact of human disturbance on 
animal behavior and physiology, with no current studies existing for any turtle species.  
Turtles are one of the most endangered taxonomic groups and many are of conservation 
concern, including the Yellow-blotched sawback (Graptemys flavimaculata), a 
freshwater turtle of the Pascagoula River system, Mississippi, USA.  We studied G. 
flavimaculata individual and population level basking behavior, while also documenting 
the impacts of human recreation on basking behavior at a recreationally disturbed site and 
a control site. We also assessed the physiological response of turtles to human 
disturbance by measuring shell condition, as well as measuring baseline corticosterone 
and corticosterone stress response of captured turtles at the two sites.  Our results 
indicated that turtles basked for significantly shorter durations and populations basked at 
significantly lower percentages at our recreationally disturbed study site.  Larger and 
slower boats disturbed a significantly higher percentage of basking turtles in comparison 
to smaller and faster watercraft.  However, we found no difference in baseline 
corticosterone levels or corticosterone stress response between the disturbed and control 
site, but did find that males had a significantly higher corticosterone stress responses 





recreationally disturbed site with many individuals exhibiting scute fungal infections.  
The impact of recreational boating on turtles from our disturbed site has likely grown 
over the last 22 years due to an increase in the number and size of boats that use the river. 
This trend will likely continue unless some restrictions are enacted to limit the size of the 
boats that access the river.  
 
INTRODUCTION 
Human disturbance of wildlands is increasing (Boyle and Samson 1985, Flather 
and Cordell 1995) and is implicated as one of the top five leading causes for the decline 
of threatened/endangered species within the United States (Czech et al. 2000).  Even 
though it is a leading cause of species endangerment, the impact of human disturbance on 
turtle populations has been largely neglected except for a handful of recent studies 
(Burger and Garber 1995, Garber and Burger 1995, Krzysik 1997, Moore and Seigel 
2006, Bowen and Janzen 2008, Bulté et al. 2009).  Most of these studies found negative 
impacts of human disturbance on turtle populations, turtle habitat, and turtle behaviors, 
but virtually nothing is known about the physiological response of turtles to these likely 
novel ‘stressors’ in their environment. 
The conservation of tortoises and freshwater turtles has garnered much attention 
in the last decade (Buhlmann and Gibbons 1997, Klemens 2000, Moll and Moll 2004), 
particularly due to the increased rate of turtle habitat destruction/alteration on a global 
scale (reviewed in Mitchell and Klemens 2000), increased human consumption of turtles 
in the Asian traditional medicine/food markets (Moll 1982, Chen et al. 2000, 





and the increased number of turtles offered in the pet trade (Thorbjarnarson et al. 2000, 
Van Dijk et al. 2000).  These three mounting factors have led chelonians to be one of the 
most endangered taxonomic groups of the animal kingdom, with 132 of the 212 (62%) 
species assessed by the World Conservation Union (IUCN) listed as critically 
endangered, endangered, or vulnerable (http://www.iucnredlist.org/static/stats, Table 4a; 
accessed 18 November 2008). In the near future, it is likely that many more turtle species 
will be listed or upgraded as new population data becomes available.    
Since aerial basking is one of the most commonly observed behaviors of many 
aquatic turtles, it is easy to assess the impacts of human recreational disturbance on this 
behavior.  Aerial basking is critical for many species of turtles to maintain many 
physiological activities (Boyer 1965), including metabolism (Moll and Legler 1971), 
vitamin K synthesis (Pritchard and Greenhood 1968), shell conditioning/scute ecdysis 
(Selman and Qualls, unpubl. data), removal of ectoparasites (Cagle 1950, Neill and Allen 
1954, Vogt 1979, Selman et al. 2008, Selman and Qualls 2009a), and reproductive 
function (Hammond et al. 1988).  However, when turtles are prevented from basking and 
achieving desired thermoregulation, this could lead to many physiological consequences: 
altered levels of circulating steroid hormones due to elevated levels of the stress 
hormone, corticosterone (Licht 1984, Licht et al. 1985, Moberg 1985, Greenburg and 
Wingfield 1987, Mahmoud et al. 1989, Sapolsky et al. 2000); lowered internal body 
temperature preventing optimal metabolic activity (Boyer, 1965); possible immune 
suppression due to chronically elevated corticosterone levels (Apanius 1998, Sapolsky et 
al. 2000); and potential impairment of the reproductive system and ability for females to 





The Yellow-blotched sawback (Graptemys flavimaculata) is a riverine turtle that 
is endemic to the Pascagoula River system of southern Mississippi, USA. Populations 
also occur outside of the Pascagoula River, including its chief tributaries, the Leaf, 
Chickasawhay, and Escatawpa Rivers, as well as other smaller creek systems (Cliburn 
1971, U.S. Fish and Wildlife Service 1993, Ernst and Lovich 2009, Selman and Qualls 
2009b).  G. flavimaculata was originally state listed as endangered in the 1970’s (R.L. 
Jones, pers. comm.) and observed population declines led to federal listing as a 
threatened species in 1991 (U.S. Fish and Wildlife Service 1991).  Following these 
declines, Horne et al. (2003) found that female G. flavimaculata from the Pascagoula 
River had a lower reproductive frequency in comparison to other similar species of 
Graptemys.  Others also found irregular sex hormone levels of this population in 
comparison to an upstream reference population (Shelby et al. 2000, Shelby and 
Mendonça 2001).   
One aspect that was addressed, but not implicated in the impacts/declines, was the 
substantial increase of recreational boating in the Pascagoula River.  This area is the 
widest portion of the Pascagoula River system and multiple boat ramps make it readily 
accessible for human recreational purposes.  Moore and Seigel (2006) found that during 
118 hours of basking observation, 210 human disturbances were noted in the Pascagoula 
River.  Also, approximately 50% of boat passing events caused G. flavimaculata 
individuals to abandon their basking site and females were more prone to abandon their 
basking sites than males (Moore and Seigel 2006). Therefore, if many turtles are not 
basking for the desired duration and if females are more likely to abandon their basking 





dramatic physiological consequences?  Could these consequences include the low 
reproductive output and irregular sex hormone levels previously found in the Pascagoula 
River population (Shelby et al. 2000, Shelby and Mendonça 2001, Horne et al. 2003)?  In 
this study, we sought to determine: 1) the average individual basking duration and 
population-level basking frequency of turtles in a disturbed population compared to a 
relatively undisturbed population, 2) the disturbance rates and disturbance types in the 
two monitored populations, 3) the impact of human disturbance on the physiological 
condition of turtles (i.e., shell condition and stress response) within the two populations, 
and 4) the historical and present boating trends in the Pascagoula River.   
 
MATERIALS AND METHODS 
 
Basking Observation Methods.—Basking behavior of G. flavimaculata was studied at 
a recreationally disturbed study site (Pascagoula River site near Vancleave, Jackson 
County, MS) and an undisturbed site (Leaf River site near Hattiesburg, Forrest County, 
MS; see chapter IV).  Observations of turtle basking behavior were conducted at both 
sites during the months of June 2007-October 2007 and April-May 2008.  At least two 
days of observation (one weekend and one weekday) were attempted at each site during 
each month and observations were made throughout turtle basking hours (i.e. 0700 hrs-
1900 hrs during the summer); weather conditions sometimes did not allow for complete 
observations at each site during every month.  Daily observations almost always lasted 4 
hrs, but did not exceed 10 hrs in a single observational day.  The observer was located in 
a concealed position, either on a sandbar or inside of river bend, opposite of a cutbank 
section where turtle basking structures were abundant.  Observations were conducted 





studied predominantly on mostly sunny to sunny days by two methods: individual turtle 
basking observations and hourly basking frequency counts.  The first method was used to 
document individual basking duration, whereas the second method was used to determine 
daily species basking frequency.   
In the first method, when an individual G. flavimaculata was spotted emerging 
onto a basking structure, the sex of the turtle (if possible), time of emergence, and snag 
type were recorded; when the individual terminated basking, the time of submergence 
and total basking time was recorded.  If submergence was due to a natural or human 
disturbance, this was also noted as either ‘yes’ or ‘no’ (see below).  We could not confirm 
the identity of every individual when basking (unless a turtle had unique markings) and 
therefore could not determine the amount of time during the day that an individual 
basked.  The second method, hourly basking frequency counts, was also conducted 
during these same observation periods by counting the number basking G. flavimaculata 
within a measured, predetermined stretch of viewable river at the beginning of every 
hour.  Sex of individuals was recorded when possible, as well as the number of other 
turtle basking species observed. 
Due to the Poisson distribution of individual basking duration (i.e. with many 
more individuals basking for a short period of time and fewer basking for longer periods 
of time), we log-transformed our data to meet parametric assumptions. We then used a t-
test to determine if turtle basking durations were equal between the two study sites using 
males and females together, as well as analyzing males and females separately to 
determine if there were sex-specific differences in basking duration. In addition, we used 





turtles were equal for Leaf River turtles, undisturbed Pascagoula River turtles, and 
disturbed Pascagoula River turtles; this analysis was done to determine if undisturbed 
Pascagoula River turtles wanted to achieve similar basking durations as Leaf River 
turtles. We also used a two factor ANOVA to determine if mean basking time of turtles 
(dependent variable) was equal for the two study sites (factor) by the time of emergence 
(factor).  For the time of emergence, we included all turtles that emerged within a specific 
hour (ex. 11:00 am to 11:59 am) to occur only at the beginning of that hour (ex. 11:00) to 
simplify our data analysis.  A chi-squared contingency table analysis was used to 
determine if males and females were disturbed at equal frequencies. 
Due to differences in population sizes between sites and the inability to 
standardize for this in our hourly basking frequency counts, we decided to calculate the 
percentage of the population that was basking.  We completed this by measuring the 
length of river stretch that was surveyed at each site and estimating the number of turtles 
that should be in that stretch using a known population estimate from 2007 (Selman and 
Qualls 2009b).  Thereafter, for each hourly basking frequency count, we divided the 
number that we observed basking by the estimated number of turtles that should be in the 
observed stretch of river.  Our basking percentage data also exhibited a Poisson 
distribution and was therefore log transformed to meet parametric assumptions. For our 
data analysis, we used a two factor ANOVA to determine if population level basking 
percentage (dependent variable) was equal throughout the day (factor) and among the two 
sites (factor). 
Quantifying Human Disturbance.—During basking observations of individual turtles, 





basking was terminated prematurely due to a natural event (i.e. a large bird flying over 
basking turtles).  Human disturbance was recorded at each site, but was prevalent at the 
Pascagoula River site where recreational disturbance by boats was high.  When a boat 
passed our observation point, the following was recorded:  time of boat passing, relative 
size of boat, time between human disturbances, and number/percentage of viewed turtles 
disturbed; the percentage of turtles disturbed was calculated by dividing the number of 
individual turtles that were disturbed by a passing boat/boat wake and by the total number 
of basking turtles that were being monitored at the time of disturbance.  The size of 
passing boats was qualitatively determined and were categorized into the following 
groups: small boat (SmB)- primarily ‘jon boats’ with small outboard motors (usually <40 
horsepower); medium boat (MdB)- mostly ‘bass boats’ and other mid sized boats that did 
not produce a large wake; large boat (LgB)- pontoon boats, ski boats, offshore boats, and 
all other large-sized boats that produced a sizeable wake; and personal water craft 
(PWC).  It was also noted if these boats were going at a slow speed since it has been 
noted in previous studies that more turtles are disturbed by boats passing at a slower 
speed relative to faster boats (Moore and Seigel 2006). 
Due to the abundance of shorter times between disturbances in comparison to 
longer times between disturbances, we log-transformed our data to meet parametric 
assumptions.  To quantify the impact of disturbance, we used a one factor ANOVA to 
determine if mean time between disturbances was equal for the Leaf and Pascagoula 
River sites.  We also used a one factor ANOVA to test to see if the time between 
disturbances was equal across all days at the lower Pascagoula River site.  A non-





turtles disturbed per passing boat was equal for different boat sizes and speeds at the 
lower Pascagoula River site.   
Sample Collection and Corticosterone Assay.—G. flavimaculata were sampled for 
seven months (April-October) in 2007 and 2008.  Trapping was conducted at the same 
two sites where our basking observations were made: Leaf River site (recreationally 
undisturbed) and Pascagoula River site (recreationally disturbed).  Turtles were trapped 
by submerging basking traps (made of ¾” PVC coated crawfish wire) from turtle basking 
structures or by swimming and dip-netting basking/swimming turtles during low river 
levels at the Leaf River site.  To ensure that we received a true baseline corticosterone 
value, we only included a turtle if we saw it jump into our basking trap/dip net and turtles 
were always bled within five minutes of capture.  For a more detailed description of 
trapping methods see Selman and Qualls (2009b). 
Immediately following capture, 1 mL of blood was collected from female G. 
flavimaculata and 0.6-0.75 mL from males from the coccygeal vein using a heparinized 
1mL syringe and a 26 ½ gauge needle.  Following this blood sample (hereafter referred to 
as baseline), individuals were placed into a 18.9 liter bucket (5 gallon) with 
approximately 5 cm of river water (to prevent overheating, especially during the summer 
months).  The bucket was covered with a bucket lid and 35 minutes after the initial 
sample collection, we took another 0.1 mL (time 35) blood sample.  Blood samples were 
stored on ice for 4 to 6 hours, and then centrifuged.  Plasma and blood cells were 
separated, and thereafter, frozen.  When possible, blood was collected from five adult 
males and five adult females per site during each month from April to October.  





Plasma corticostereone was measured using a direct radioimmunoassay (RIA) 
(Wingfield and Farner 1975, Ball and Wingfield 1987, Ketterson et al. 1991).  Briefly, 
approximately 2000 counts per minute (CPM) of H
3
-corticostereone (PerkinElmer Life 
and Analytical Sciences, Massachusetts) was added to samples (for later determination of 
extraction efficiency) and samples were extracted three times using 4.5ml of diethyl 
ether.  Following extraction and drying of samples under nitrogen gas, samples were 
reconstituted in 1ml phosphate buffered saline (PBS) solution with gelatin.  Reconstituted 
samples were run in duplicate in a competitive binding immunoassay using radiolabeled 
corticosterone and an antibody specific to corticosterone (Fitzgerald Industries 
International, Inc., Massachusetts).  Levels of corticosterone were determined from a nine 
point standard curve.  Intra- and inter-assay variations were determined from a series of 
known standards run in conjunction with the samples.  Intra-assay variation was 11.16% 
and inter-assay variation was 29%.  Due to the large number of assays and large 
interassay variation, a correction factor was applied to each sample.  To calculate our 
correction factor, the “grand” mean of all assay standards was divided by the individual 
assay mean; individual sample values were then multiplied by our correction factor 
(Jawor et al. 2007).   
Additionally, many samples fell below the detection limits for the assay (91 of 
492 samples); this was particularly evident for baseline samples (85 of 246).  For our 
statistical analyses, these individual values were considered as “zeros” to provide more 
power to the analysis and more closely approach the “real” mean (to avoid positively 
biasing our sample means); we do however acknowledge that in reality there is some 





outside of our assay detection limits.  Lastly, to determine the stress response of 
individuals, we subtracted baseline values from time 35 values; the difference between 
these values is also expressed in ng/mL. 
Since many baseline values were considered zeros and the distribution of these 
values was non-normal even after attempting to log-transform the data, we used our 
untransformed, raw baseline corticosterone data and analyzed it using nonparametric 
statistical analyses.  A Wilcoxon Rank Sums test (chi-squared approximation) was used 
to determine if time zero corticosterone levels (ng/mL) were the same between the two 
sites for males and females using separate analyses.  Then a two-factor ANOVA was 
used to determine if the stress response was equal by site, by sex, and with a sex-site 
interaction.  For all statistical analyses, our significance level was p <0.05. 
Quantifying Shell Condition of Turtles.—The shell condition of captured turtles was 
assessed by observing the presence/absence of shell fungus, which occurs when scutes 
fail to shed properly.  Shell fungus was determined ‘present’ if white spots were visible 
under/within carapacial scutes.  We used a chi-squared contingency table test to 
determine if the frequency of shell fungus was equal among the two study sites.  The 
severity of fungal growths was not quantified and included into our data analysis, but it 
will be discussed. 
Assessing Historical Boating Trends in Lower Pascagoula River.—During our study, 
many local residents from the Pascagoula River area mentioned that the number and size 
of boats in the Pascagoula River has increased in the last 10-15 years.  Therefore, boat 
registration data was collected and compiled for a twenty-two year interval (1987-2008) 





Fisheries, and Parks).  We chose to use Jackson County since it is bisected by the 
Pascagoula River and Pascagoula River study site occurs in this county.  This includes 
five two-year periods with five years between these intervals since boats are registered 
across multiple years (1987/1988, 1992/1993, 1997/1998, 2002/2003, 2007/2008).  The 
boating information that is reported by individuals includes the length of boat to be 
registered and if the user plans to use it in either saltwater or freshwater conditions.  We 
note that not all registered boats from Jackson County, MS utilize this portion of the 
Pascagoula River and also, that boats from other counties in Mississippi or from nearby 
Alabama may use this stretch of river.  We then used these data to examine if there are 
any trends in this county for the number and size of boats registered, while also 
qualifying observations of local residents on boat traffic.  These data could then be used 
to determine the impact recreational boating is currently having, and in the future, may 
have on turtle basking behavior and turtle populations.   
 
RESULTS 
Turtle Basking Behavior.—Throughout 7 months (June-October 2007; April, May 
2008), 360.6 hours of basking observation were logged at both sites (186.1 hrs- Leaf 
River, 174.5 hrs- Pascagoula River).  During these observations, 1124 independent 
basking occurrences for G. flavimaculata (478 F/ 595 M/ 51 JUV) were documented at 
the Leaf River site (undisturbed) and 1321 (483 F/ 787 M/ 51 JUV) at the Pascagoula 
River site (disturbed). Additionally, 297 hourly basking frequency counts were made at 





Mean basking duration for Graptemys flavimaculata at the Leaf River site was 
38.4 minutes (SD ± 49.9min., including juveniles) with males basking for a mean of 36.2 
minutes (SD ± 49.9 min., Range = <1 – 464 min.) and females basking for a mean of 42.8 
minutes (SD ± 51.0 min., Range = <1 – 336 min.).  G. flavimaculata at the Pascagoula  
River site had a mean basking duration of 26.5 minutes (SD ± 27.0 min.; including 
juveniles) with males basking for a mean of 26.9 minutes (SD ± 28.1, Range = <1 – 171  
min.) and females basking for a mean of 25.8 minutes (SD ± 25.4, Range = 1 – 125 min.). 
G. flavimaculata basked significantly longer at the Leaf River site relative to the  
Pascagoula River site (t= 12.33, df = 1, p = 0.0005; Figure 5.1).  Also, females from the 
Leaf River basked significantly longer than Pascagoula River females (t = 17.65, df = 1, 
p = <0.0001), whereas basking time for males did not differ significantly between the two 
sites (t = 0.94, df = 1, p = 0.33).  Further, Leaf River turtles and lower Pascagoula River 
undisturbed turtles basked for longer durations than lower Pascagoula River disturbed 
































Figure 5.1. Graptemys flavimaculata basking durations between the two study sites. 






between Leaf River and undisturbed lower Pascagoula River turtles.  In addition, G. 
flavimaculata females from the Pascagoula River site were more likely to be disturbed 
than males (Χ
2 
= 30.7, df = 1, p < 0.001).  When we compared the basking durations of 
turtles throughout the day among sites, we also found a significant difference in basking 
duration by site (F1, 2394 = 8.89, p= 0.0029), as well as by time of emergence (F11, 2394 = 
5.80, p <0.0001).  The interaction was not significant (F11, 2394 = 0.94, p= 0.50).  G. 
flavimaculata basking durations were significantly longer at the Leaf River site relative to 
the Pascagoula River site throughout the day, and turtles at both sites basked for longer 
durations in the morning and afternoon hours in comparison to midday hours (Figure 




































































































































































































































Figure 5.2. Graptemys flavimaculata basking durations by hourly time of emergence 
between the two study sites.  Means include male, female, and juvenile basking times. 











































































































































































































































Site within Time  
Figure 5.3. Mean basking percentages for G. flavimaculata throughout the day and 
between sites.  Error bars represent one standard error. 
 
Since there was little difference in our raw population basking numbers across  
months and between sites, we used basking percentage to compare between our two 
populations throughout the daily activity period.  We found a significant site difference 
(F1, 295 = 25.2, p <0.001; Figure 5.3) and a significant difference in basking percentages 
by the time of day (F13, 295 = 2.62, p = 0.002); there was no significant site by time 
interaction (F13, 295 = 0.58, p = 0.86).  Turtle basking percentages were significantly 
higher at the Leaf River site relative to the Pascagoula River site, while basking 
percentages were higher during the midday and afternoon hours in comparison to 
morning basking percentages.   
Impacts of Recreational Boating on Basking Behavior.—During 147.9 observational 





researchers) with a mean time between disturbance of 179.9 min. (SD ± 145.8 min., 
Range= 3-600 min.).  Conversely, during 174.5 hours of observation at the Pascagoula 
site, 987 recreational boating disturbances (16 by researchers) occurred with a mean time 
between disturbance of 10.4 minutes (SD ± 21.8 min., Range = 0-312 min.).  Mean time 
between disturbances was significantly higher at the Leaf River site relative to the 
Pascagoula River site (F1, 887 = 198.22, p <0.0001; Figure 5.4).  At the Pascagoula River 
site, there was also a significant difference in time between disturbance among days (F6, 
848 = 27.04, p = <0.001) with midweek days (Tuesday, Wednesday, and Thursday; mean 
time between disturbances was >50 minutes) having significantly longer times between 
disturbance than weekend or weekend bordering days (Friday, Saturday, Sunday, and 
Monday; mean time between disturbance <20 min).   
 Of the 986 disturbances at the Pascagoula River site, we observed 363 small boats 
(26 were moving at a slow speed), 339 medium boats (20 slow), 191 large boats (32 


































Figure 5.4. Mean time between human disturbance at the two study sites. Error bars 






disturbed by recreational boating and an additional 103 (7.8%) were disturbed by natural 
or unknown disturbances.  A mean of 0.27 turtles were disturbed per small boat passing 
 (9% of observed turtles disturbed per boat passing), 0.31 disturbed per medium boat 
(11%), 1.00 disturbed per large boat (32%), and 0.13 per PWC (6%).  Additionally, 2.16 
turtles were disturbed per slow small boat passing (50%), 1.8 per slow medium boat 
passing (56%), and 1.9 per slow large boat (62%).  Percentage of turtles disturbed by 
different boat types and speeds was significantly different (X2 = 191.17, p < 0.0001) with 
slow boats disturbing a higher percentage of turtles than fast boats and larger boats 





























































































Figure 5.5.  Mean percent of observed basking G. flavimaculata disturbed by type of 
recreational boat at the lower Pascagoula River site.  Error bars represent one standard 
error. 
 
Corticosterone Analysis.—We found that there was no difference in baseline 





0.52 ng/mL, SD ± 0.69/ Pascagoula mean = 0.39 ng/mL, SD ± 0.51) or females (X2 = 
0.04, df = 1, p = 0.84; Leaf mean = 0.43 ng/mL, SD ± 0.64/ Pascagoula mean = 0.40 
ng/mL, SD ± 0.69).  However, we did find that there was a significant difference in stress 
response by sex (F1,244 = 8.73, p = 0.003) with male stress response being significantly 
higher than female stress response (Figure 5.6); we did not find a difference in stress 
response by site (F1,244 = 1.04, p = 0.31) or the sex by site interaction term (F1,244 = 1.11, 





















Figure 5.6. Mean stress response (ng/mL) by sex and site sampled.  Error bars represent 
one standard error. 
 
Shell Condition Analysis.—While examining captured turtles for the occurrence of 
shell fungus, we found that only 3.7% (7 of 187) of the turtles captured from the 
undisturbed Leaf River site had shell fungus present, whereas 26.1% (65 of 249) of the 
captured turtles from the Pascagoula site had signs of shell fungus. There was a 
significantly higher incidence of shell fungus among turtles from the Pascagoula River 
site in comparison to Leaf River turtles (X 
2





Analyzing Historical Boating Trends.—Over the last 22 years, the number of 
registered boats within Jackson County, MS has increased dramatically (by 300%) from 
2033 registered boats in 1987/1988 to 6194 registered boats in 2007/2008 (Figure 5.7).  
Additionally, the period with the greatest 5-year increase was the most recent period, 
2002/2003 to 2007/2008, with 4239 boats and 6194 boats registered during these periods, 
respectively (146% increase).  The percentage of small boats (<16 ft) registered has also 
decreased from 57% of the total boats registered in 1987/1998 to 48% in 2007/2008.  
Conversely, the percentage of medium to large size boats (16-65 ft) registered has 




Figure 5.7. Number of boats registered in Jackson County, Mississippi (county of the 
Lower Pascagoula River site) over the last 22 years.  Data provided by Gail Marshall of 




































Impacts of Recreational Boating on Basking Behavior.—We found that on a typical 
weekend and weekday at the Pascagoula River site, G. flavimaculata are approximately 
22 times and five times more likely to be disturbed by human recreation in comparison to 
Leaf River turtles, respectively.  Furthermore, undisturbed lower Pascagoula River turtles 
basked for longer durations than disturbed turtles from the lower Pascagoula River, while 
basking for similar durations relative to Leaf River turtles; this indicates that lower 
Pascagoula River turtles wish to achieve similar basking durations to Leaf River turtles, 
while also indicating that the thermal preferences remain similar across the two study 
sites. Overall, the observed differences in basking duration and basking percentages 
between the Leaf River site and the Pascagoula River site can be directly attributable to 
the increased amount of recreational boating that disturbs significantly more basking 
turtles from the Pascagoula River site.  Additionally, basking durations of G. 
flavimaculata at the undisturbed Leaf River site were longer for almost every month and 
across every hour during the day in comparison to the Pascagoula River site, while the 
percentage of turtles basking also followed a similar pattern.  Moore and Seigel (2006), 
however, found a bimodal basking frequency with G. flavimaculata in the Pascagoula 
River from turtles studied during the late 1990’s, but this pattern did not exist for this 
study.  This difference likely suggests that in the intervening time between the two 
studies, the number of recreational boaters has increased dramatically and this likely has 
impacted the basking frequency of turtles. Also, as documented by Moore and Seigel 





Basking turtles were startled by the visual presence of the human disturbance, but 
were also often swept off their basking log by the boat wake that followed boat passage. 
Due to the number of individual turtles being monitored at a single time and the short 
time between the boat passage and the boat wake, this precluded us from deciphering the 
habituation of turtles to the human disturbance.  However, qualitatively, turtles were 
habituated to boat passage at the Pascagoula River site in comparison to the turtles at the 
Leaf River site (W. Selman, pers. obs.).  Also, a higher percentage of turtles were 
disturbed by slower boats (especially pontoon boats) relative to boats passing at a higher 
speed.  Similarly, Moore and Seigel (2006) also found that G. flavimaculata were 
disturbed at a higher rate by slower moving boats, particularly fisherman setting trot-
lines.  Similarly, Burger (2001) found that Northern Watersnakes (Nerodia sipedon) and 
Common Gartersnakes (Thamnophis sirtalis) fled rapidly when humans stopped to watch 
snakes in comparison to walking past snake locations. 
An increased number of human disturbances at the Pascagoula River site could 
likely increase energy expenditures by turtles that actively avoid the disturbance by 
diving into the water and swimming to safety, as well as turtles continuously having to 
pull themselves out of the water to bask after being disturbed.  Also, one would expect 
turtle body temperatures to decrease after having to submerge following a disturbance, 
especially during the spring and fall months when water temperatures are much cooler 
than air temperatures (see Chapter IV).  During the spring months, one would presume 
excess energy expenditure and decreased body temperatures would be particularly acute, 





observed low clutch sizes, as well as the lowered clutch frequencies in comparison to 
upstream sites (Horne et al 2003, R. Vogt, pers. comm.).   
Due to the unique life history of turtles, adult age classes are extremely sensitive 
to increased adult mortality or harvest (Congdon et al. 1993, 1994).  During this study, 
several turtles showed evidence of direct impacts with boats, indicating that recreational 
boating in the lower Pascagoula River may pose an additional threat to turtle populations 
by direct mortality.  This was not addressed in this study, but on several occasions dead, 
floating turtles were encountered that had been hit by a recreational boat, with evidence 
of successive propeller wounds. We presume, however, that most turtles that are hit by 
boats die and sink to the river bottom and are not readily seen.  Therefore, turtle mortality 
from boat impacts is likely vastly undersampled.  It is also probable that females are more 
likely to be hit by recreational boats since they are more commonly found in more open 
areas of the channel, away from the river bank (Jones 1996).  Bulté et al. (2009) found 
that female northern map turtles (Graptemys geographica) were more likely to be hit by 
recreational boats and if only 10% of turtles that are hit by boats die, this could lead to 
localized population extinctions (Bulté et al. 2009).  Therefore, recreational boating in the 
Pascagoula River may not only have a dramatic impact on turtle basking behavior, but 
also dramatic affects on turtle mortality and population declines. 
Recreational boating also degrades nesting/river habitat due to excessive wake 
action.  Several nesting beaches within in the Pascagoula River are protected for G. 
flavimaculata and have been significantly eroded by wake action (W. Selman, pers. obs.), 
with nesting beaches having a shelf-like or stair-step appearance.  These vertical shelves 





Corticosterone Analysis.—Although frequent recreational disturbances occurred at 
the Pascagoula River site and adversely impacted basking behavior, we found that this 
had no impact on Pascagoula River turtle baseline corticosterone levels or the ability for 
turtles to mount a stress response relative to the mostly undisturbed Leaf River turtles.  
Currently, to our knowledge, there are no studies that examine both behavioral and 
physiological aspects of disturbance in turtles, but our findings are contrary to the few 
existing studies in birds/mammals.  Most of these studies documented significant 
behavioral and/or corticosterone (corticoid) responses to human recreation.  Thiel et al. 
(2008) documented that during ski-season in Germany, capercallie’s (Tetrao urogallus) 
avoided areas of high ski activity within their home ranges and had larger home ranges 
during the non-ski season.  They also found higher fecal corticosterone metabolites from 
birds inhabiting high traffic ski areas in comparison to low traffic areas.  Furthermore, 
Walker et al. (2005) found that Megallanic penguin (Spheniscus magellanicus) chicks in 
tourist areas of Argentina did not flee when approached by humans and had higher stress 
responses in comparison to non-visited chicks.  Further, adult penguins in tourist visited 
areas exhibited fewer head turns when approached by the researcher (habituation 
response to human presence) and had lower corticosterone levels following 30 minutes of 
restraint (Walker et al. 2006).  The differences, especially given what is seen in birds and 
mammals, could relate to the fact that reptiles are heterothermic and therefore can not, or 
do not, significantly increase baseline levels of corticosterone for a prolonged period of 
time (although they can elevate corticosterone for short periods of time, see below). 
It is unclear, however, why male G. flavimaculata had a higher stress response in 





stressful situation much differently than females since they are, on average, one-half the 
length and one-tenth the mass of females (Selman and Jones, 2009).  A more likely 
explanation is that female stress response is considerably dampened during oviposition/ 
post-oviposition time period (Selman et al., unpubl. data) and this may account for the 
lower stress response that we found relative to males.   
Shell Condition of G. flavimaculata.—The overwhelming difference of shell 
conditions between Leaf River turtles and Pascagoula turtles suggest that recreational 
disturbance is altering more than turtle basking times, but also impacting basic 
physiological processes like scute shedding.  Basking during the morning and late 
afternoon appears critical for shell drying, particularly during the summer and early fall 
when laminal shedding occurs (W. Selman, pers. obs.).  The Leaf River turtles 
consistently were able to bask for longer periods during the these times, whereas 
Pascagoula River turtles often abandoned basking during these times and would not 
reemerge readily; this could likely account for the increased levels of shell problems at 
the Pascagoula River site.  In addition, few turtles at the Leaf River site had more than 
three fungal white spots present, whereas turtles from the Pascagoula River consistently 
had 10 or more present, with some having greater than 50% of the carapace covered.  The 
shell of one female, for example, was found to be in poor condition and upon inspection 
by T. Majure (Former Aquarium Coordinator at Misssissippi Museum of Natural 
Science), he concluded that it looked similar to some captive Graptemys at the 
Mississippi Museum of Natural Science that were not able to bask under proper lighting 





may also indicate poorer water quality relative to the Leaf River, but this was not 
addressed during this study and should be further pursued. 
Analyzing Historical Boating Trends.—Boating registration data indicates that 
recreational disturbance within the lower Pascagoula River is a major concern with the 
number and size of boats increasing over the last 22 years; we encountered many local 
residents that also mentioned noticing this trend in the lower Pascagoula River.  During 
the mid 1990’s, B. Horne (pers. comm.) noted that while working in the Pascagoula 
River, a day could go by without seeing a boat and the vast majority of boats during this 
time period were local fishermen in small jon-boats.  Conversely, 13 years later during 
this study, it was not uncommon to see 50 boats in a single day, with many of these being 
larger bass-fishing, off-shore, and recreational ski boats. 
 
 
Figure 5.8. Captured female Graptemys flavimaculata from the Lower Pascagoula River 






Species Conservation and Recommendations.—Our data indicates that recreational 
disturbance is having a significant impact on the basking behavior of turtles within the 
Pascagoula River, both at the individual and population level, but this did not directly 
correlate with marked changes in turtle stress physiology.  However, even though we did 
not document different baseline or stress response levels between the sites, we are 
cautious to presume that there are no physiological consequences for an altered basking 
behavior.  First, we noted dramatically poorer shell condition from turtles from the 
Pascagoula River, indicating the inability for turtles to carry out the simple function of 
shedding carapacial scutes.  Secondly, it is possible that there could be impaired 
physiological aspects that were not addressed by this study that could be impacted by 
excess recreational activity at the Pascagoula River site.  These may include 
compromised female reproductive capacity and/or suppressed immune function/ability to 
fight infection.  The former could be that females are not able to raise their body 
temperature to levels necessary to effectively yolk ovarian follicles (i.e. fewer eggs per 
clutch, smaller eggs, and/or fewer clutches) and the latter could be a lowered ability to 
fight-off infection since turtles likely cannot achieve their preferred body temperatures.  
Additionally, there may be significant impacts of recreational boating on direct turtle 
mortality. These topics, however, warrant future studies. 
Based on our data, we recommend that there should be limited use of the river to 
small to medium size boats, since they disturb a significantly smaller percentage of 
basking turtles than larger boats.  Boating restrictions should include preventing large 
boats (>20 feet long with deep draft hulls, including offshore and ski-boats) from 





wakes that cause excessive erosion on turtle nesting sandbars and riverbanks.  These 
regulations would likely improve the ability for turtles to bask, avoid excessive turtle 
mortality, and prevent nesting habitat erosion.  Incidentally, if these regulations were 
enacted, they could also address a human safety concern due to the size of the wakes 








CONSERVATION GENETICS OF THE YELLOW-BLOTCHED SAWBACK  
(EMYDIDAE: GRAPTEMYS FLAVIMACULATA) 
 
 
Abstract.—Population genetic data are becoming an important aspect of conservation 
planning in a variety of taxa.  Turtles within the genus Graptemys are increasingly being 
recognized as a group needing conservation priority, especially since many are endemic 
to single Gulf of Mexico river drainages and vulnerable to human alterations of 
rivers/surrounding habitats.  The Yellow-blotched sawback (Graptemys flavimaculata) is 
a federally Threatened, riverine turtle that is endemic to the Pascagoula River system, 
which is one of the last major free-flowing river systems in the lower United States.  We 
used microsatellite data to analyze population genetic structure and assess the historical 
demography of six populations throughout the Pascagoula River system. Considerable 
allelic diversity was found in each of the populations and a demographic analysis failed 
to find evidence of recent or historical bottlenecks. Isolation by distance analysis 
indicated that genetic distance between sites, with the exception of the Escatawpa River 
site, correlated highly to geographic distance between sites. Analysis of molecular 
variance indicated that most of the variation was partitioned within rather than among 
populations, while STRUCTURE analysis indicated a single population (K = 1). Despite 
the relatively small contiguous river distances separating each population, most of the 
genetic comparisons among populations (as measured by FST) indicated a low, but 
significant degree of population structure, thus indicating a nonpanmictic population.  





preferred by G. flavimaculata is ‘patchy’ and discontinuous, then additional sampling in 
the headwaters of the Leaf River, in between our sampling localities, and in smaller 





 The intermingling of species conservation and genetics is becoming increasingly 
important with many habitats becoming fragmented/degraded by anthropogenic means or 
species being directly exploited by humans (e.g., for food or the pet trade).  Conservation 
genetics provides a set of tools to assess the viability of individual populations, the 
connectivity among populations across various landscape scales, and the evolutionary 
uniqueness of certain lineages (Gibbs and Amato 2000).  Of the 212 turtle/tortoise 
species assessed by the IUCN, 131 species (62%) are considered critically endangered, 
endangered, or threatened, with an additional eight species considered extinct or extinct 
in the wild (http://www.iucnredlist.org/about/summary-statistics, Table 4a; accessed 3 
December 2009).  However, to date, relatively few studies have taken a conservation 
genetic approach with freshwater turtles, even though freshwater turtles and tortoises are 
considered among the most endangered animal taxa in the world (IUCN 2008).  Those 
studies that have investigated geographic patterns of population structure in freshwater 
aquatic turtles include studies of the western pond turtle (Emys marmorata- Gray 1995, 
Spinks and Shaffer 2005) and the painted turtle (Chrysemys picta- Starkey et al. 2003).  
Both studies detected considerable genetic variation over the entire species’ ranges, as 
well as identifying critical populations subject to negative environmental impacts.  





overland to other aquatic habitats (E. marmorata- Bury 1972, Holland 1992; C. picta- 
MacCulloch and Secoy 1983).  To our knowledge, no research has focused on the 
population genetic structure of a riverine species that occurs exclusively within a single 
drainage, which includes the endemic Graptemys species of Gulf river drainages. 
Turtles within the genus Graptemys (family Emydidae) are highly aquatic, 
freshwater turtles, with nine of twelve species endemic to single river drainages along the 
Gulf of Mexico in the southeastern United States (Ernst and Lovich 2009).  
Consequently, due to their restricted distributions and observed population declines, 
many of these turtles are also recognized as imperiled or in need of conservation (Ernst 
and Lovich 2009).  Graptemys, like many other freshwater species, are extremely 
susceptible to human alterations of rivers and surrounding habitats, including river 
impoundments, channelization, water quality degradation via pollution/sedimentation, 
and operations that remove basking logs or snags (reviewed by Bulhmann and Gibbons 
1997, Mitchell and Klemens 2000, Moll and Moll 2004). 
The Yellow-blotched sawback (Graptemys flavimaculata) is a riverine turtle that 
is endemic to the Pascagoula River system of southern Mississippi, USA (Fig. 6.1), 
which is the least-impacted major river system in the lower United States (Dynesius and 
Nilsson 1994).  G. flavimaculata occurs in the Pascagoula River and its tributaries, 
including the Leaf, Chickasawhay, and Escatawpa Rivers (Cliburn 1971; US Fish and 
Wildlife Service 1993; Selman and Qualls 2009b; Selman and Jones, 2010). Recently, 
populations were also detected in smaller drainages within the Pascagoula River system 
including portions of the Bouie River, Okatoma, Bluff, Tallahala, Bucatunna, and Bogue 





flavimaculata led to Federal listing as a threatened species in 1991 (US Fish and Wildlife 
Service 1991).  In addition, following Hurricane Katrina, lower Pascagoula River 
populations were negatively affected and the population declined 47% (Selman and 
Qualls 2008), presumably due to a loss or eradication of prey items due to decreased 
water quality (increased salinity, decreased dissolved oxygen).   
Since there are many factors, both anthropogenic and natural, that negatively 
impact Graptemys populations, it is critical to continue research on a range-wide level, 
including the movements of turtles between populations.  For example, these turtles are 
not equally abundant throughout their range; their distribution is noticeably ‘patchy’, with 
few or no individuals present in some stretches of the river system (Selman and Qualls 
2009b).  This raises the following questions: 1) Is there population structure within the 
range of G. flavimaculata? 2) If so, what does this tell us about the ecology/life history of 
the species? 3) How does this apply to the current/future species management plans? 
 
MATERIALS AND METHODS 
Sampling.—From 2005-2009, we collected tissue/blood samples at several sites 
within the Pascagoula River basin of southeastern Mississippi including: (1) upper Leaf 
River (north of Hattiesburg, Forrest County), (2) lower Leaf River (near Beaumont, Perry 
County), (3) upper Chickasawhay River (south of Stonewall, Clarke County), (4) lower 
Chickasawhay River (near Leakesville, Greene County), (5) Lower Pascagoula River 
(near Vancleave, Jackson County), and (6) Escatawpa River (north of Orange Grove, 






Figure 6.1. Population genetics sampling sites (circles) for G. flavimaculata within the 
Pascagoula River system of southeastern Mississippi, USA. 
 
¾” PVC coated crawfish wire) from observed turtle basking structures and also captured 
opportunistically by dip net while turtles were basking on emergent deadwood or 
swimming near the water surface.  For specific information on capture techniques see 
Selman and Qualls (2009b). 
Once captured, tissue samples were collected by one of two methods. Blood was 





and a 26 ½ gauge needles.  Blood samples (appox. 0.75-1 mL) were stored on ice for 4 to 
6 hours and then centrifuged.  Plasma and blood cells were then separated, and were then 
frozen.  Alternatively, tails tips were collected and stored in 100% ethanol.   For each 
captured individual, locality data was collected via GPS (Garmin GPS 72), as well as 
other information including sex and morphometrics for a related study.   
Microsatellite Analysis.—Microsatellite loci have not been isolated for G. 
flavimaculata, but given the potential for cross-species amplification of microsatellite 
loci among related species (e.g. FitzSimmons et al. 1995, Primmer et al. 1996, Rico et al. 
1996, Holman et al. 2005), we were able to use six microsatellite loci originally 
developed for other related Emydid turtles (Malaclemys terrapin- TerpSH2, TerpSH5, 
TerpSH7 [Hauswaldt and Glenn 2003]; Glyptemys muhlenbergii- GmuB08, GmuD70, 
GmuD88 [King and Julian 2004]).  We found these loci to be polymorphic and cross-
amplify reliably for G. flavimaculata (Selman et al. 2009b).  Total genomic DNA was 
extracted from individuals from each site with the DNeasy Tissue Kit (QIAGEN Inc.).  
Although heparin can sometimes have an inhibitory effect on the polymerase chain 
reaction (Beutler et al. 1990), this extraction method yielded good quality DNA that 
amplified well for most individuals. Amplifications were conducted in a total volume of 
either 12.5 µl or 25 µl (depending on locus used) using 50 mM KCl, 10 mM Tris-HCl 
(pH 8.3), 0.01% gelatin, 200 µM dNTPs, 2 mM MgCl2 (4 mM for TerpSH7), 0.5 units of 
Taq polymerase (Promega Co.), 0.3 µM of the M13 tailed forward primer (Boutin-
Ganache et al. 2001), 0.3 µM of the reverse primer, 0.1 µM of the labeled M13 primer 
(LICOR Co.), 20-150 ng of template DNA, and water to the final volume. PCR cycling 





of 30 sec at 94°C, 1 min at 52-60°C, and 1 min at 72°C. A final elongation step of 10 min 
at 72°C ended the cycle. Microsatellite alleles were visualized on acrylamide gels using a 
LICOR 4300 DNA analyzer and scored using Gene Image IR v. 3.55 (LICOR Co.). 
Statistical analysis.—Genetic variation in each G. flavimaculata population was 
described using standard measures, including number of alleles (Na), effective number of 
alleles (Ne), number of private alleles (Npa), observed heterozygosity (Ho), and expected 
heterozygosity (He) as calculated by GenAlex 6.1 (Peakall et al. 2006).  Loci were tested 
for Hardy-Weinburg equilibrium and linkage disequilibrium using GENEPOP for the 
web (Raymond and Rousset 1995; http://genepop.curtin.edu.au/).  Program FSTAT 2.9.3 
(Goudet 1995) was used to determine genetic differentiation among populations (FST), for 
significance testing of FST values, and to determine rarified number of alleles (AR). 
We also used several other methods to determine if population structure existed 
between collection localities for G. flavimaculata.  STRUCTURE 2.3.1 (Pritchard et al. 
2000) uses a Bayesian approach to estimate the likelihood of individuals being assigned 
to different populations in such a way that the populations are in Hardy-Weinberg 
equilibrium and the loci in each population are in linkage equilibrium.  We tested values 
of K (number of populations) from 1-8 using a model of admixed ancestry and assuming 
independent allele frequencies between groups.  For each value of K we performed 10 
separate simulations with a burn-in of 50,000 generations followed by a subsequent 
100,000 generations.  Furthermore, an analysis of molecular variance (AMOVA; 
Excoffier et al. 1992) as implemented by ARLEQUIN v. 3.11 (Excoffier et al. 2005) was 
used to examine the distribution of molecular variation within and among populations.  





Jenson et al. 2005) to determine if genetic differentiation was correlated to geographic 
distance between sampling localities (regression of FST values and geographic distance 
values [in river kilometers]). 
Another important way that genetic data can be analyzed in a conservation 
context is by distinguishing populations with reduced levels of genetic variability as a 
function of historically small populations versus populations that have recently 
experienced a population bottleneck.  During a bottleneck, allelic diversity is lost faster 
than population heterozygosity, with the observed number of alleles being less than the 
number expected from observed Hardy–Weinberg heterozygosity (Cornuet and Luikart 
1996); recent population bottlenecks may be detected using program BOTTLENECK ver. 
1.2 (Piry et al. 1999). A two-phase mutation model (TPM) was used with a 95% 
proportion of stepwise mutation model, 10% variance, and run with 1000 iterations (e.g. 
Di Rienzo et al. 1994, Piry et al. 1999, Jones et al. 2004) with all six sampled 
populations.  To detect a population bottleneck, we thereafter used a one-tailed, 
Wilcoxon Sign Rank Test to detect heterozygosity excess in comparison to expected 
heterozygosity at equillibrium.   
 
RESULTS 
 A total of 241 individuals were genotyped from the six sample localities and 
across the six microsatellite loci.  This included genotyping 60 individuals from the lower 
Chickasawhay, 54 from the Pascagoula, 52 from the upper Leaf, 32 from the Escatawpa, 
22 from the lower Leaf, and 21 from the upper Chickasawhay.  None of the populations 





demonstrated linkage disequilibrium after sequential Bonferroni corrections (Rice 1989).  
Patterns of genetic diversity within populations (allele size, sample site, number of 
individuals genotyped at locus [N], number of alleles [A], effective number of alleles 
[Ne], allelic richnes [AR], observed heterozygosity [HO], expected heterozygosity [HE], 
and private alleles in bold) are shown for all populations at each locus in Appendix B.  
Among-population differentiation.—Pairwise FST values were all relatively small, but 
were highest between the Escatawpa/Upper Leaf (FST = 0.0473, 256.7 river km; Table 
6.1). The least differentiation observed was between the lower Chickasawhay/ 
Pascagouala sites (FST = 0.0058, 144.9 river km).  In general, the highest FST values were 
associated with comparisons that included the Escatawpa site.  The likelihood scores 
from STRUCTURE indicated that a K of 1, or one population, was the best model of 
population structure.  The average log likelihood for K of 1 was -5384.3 (SD =0.39), 
which was the least negative value among the different values of K.  Similarly, the results 
of the rangewide AMOVA indicated that most of the genetic variation was partitioned 
within populations (97.84%) rather than among populations (2.16%), although the global 
FST value (0.0126) was significant (p<0.0001).  Results from our isolation by distance test 
indicated that there was an insignificant correlation of genetic distance and river distance  
 
Table 6.1. Pairwise FST values (below diagonal) and geographic distances (above 
diagonal; in river kilometers) among 6 sampling sites for G. flavimaculata within the 










Pascagoula - 144.9 222.4 34.3 346.4 145.2 
Lower Chickasawhay 0.0058* - 165.1 179.2 201.5 87.9 
Upper Leaf 0.0142* 0.0122* - 256.7 366.6 77.2 
Escatawpa 0.0364* 0.0434* 0.0473* - 380.7 179.5 
Upper Chickasawhay 0.0209* 0.0212* 0.0405* 0.0388* - 289.4 





for our six study sites (Z = 88.0712, R
2 
= 0.5714, p = 0.0750; Figure 6.2). However, this 
pattern appeared to be driven by the higher than expected differences between the 
Escatawpa versus other sites (discussed below).  Indeed, this correlation was significant, 
when the Escatawpa site comparisons were removed from the analysis (Z = 44.7094, R
2 
= 





Figure 6.2. Results from the Mantel test to determine isolation by distance among our six 
sampled populations (Z = 88.0712, R
2 
= 0.5714, p = 0.0750). Genetic distance was 










Figure 6.3. Results from the Mantel test to determine isolation by distance at five 
sampled populations, excluding the Escatawpa River site (Z = 44.7094, R
2 
= 0.9099, p < 
0.001). Genetic distance was calculated as: FST / (1-  FST). 
 
 
Was there a historical population bottleneck?—Historical demographic tests using 
BOTTLENECK did not find any evidence of a recent or historical population bottleneck.  
The one-tailed test for heterozygosity excess in BOTTLENECK was not significant (p 
>0.05) for all populations except the lower Pascagoula River site (p = 0.039); this value 









Population Structure.—Our analyses indicate that there is little genetic structure 
between sampling localities as suggested by AMOVA and the program STRUCTURE; 
these analyses indicated a high level of genetic variation within populations rather than 
among populations and an optimal K value of 1, respectively.  Genetic distance (FST) 
within the main river populations (excluding Escatawpa River population) appears to 
correlate well to geographic distance between sampling sites.  Generally, sites that were 
closer to each other had smaller FST values, while sites that were farther away from each 
other had larger FST values, which would be expected in a continuous river system with 
individuals with relatively small, established home ranges (Jones 1996).  While there are 
not many examples for comparison in the literature, this relationship was not similar in 
the Giant Amazon River turtle, Podocnemis expansa (Pearse et al. 2006); when 
comparing populations within river basins, they found that only 2 of the 11 pairwise FST 
values were significantly different from zero, while all were significant for interdrainage 
comparisons.  They concluded that extensive gene flow was occurring within drainages 
and little gene flow was occurring among drainages.  This is likely due to the high 
vagility of P. expansa and the large seasonal movements that are associated with moving 
to feeding or nesting grounds (von Hildebrand et al. 1997). 
 Our results also seem to contradict the idea that there may be higher allelic 
diversity in downstream populations due to turtles that might be forced downstream 
during high water events.  If this were the case, one would predict that there should be a 
greater degree of population differentiation and more private alleles for the upstream 





the upstream sources.  FST values and the presence of private alleles do not support this 
prediction of upstream mixture within the lower Pascagoula River population.   
 The question we cannot answer with this study is the measure of genetic 
divergence of headwater populations that were not sampled (i.e., above upper Leaf River 
site), populations between sampling sites (i.e., 201.5 river km between upper and lower 
Chickasawhay River sampling sites), and smaller tributary populations (i.e., Tallahala, 
Creek).  Sampling for individuals at additional sites in these reaches was difficult and not 
possible in some areas due to decreased river accessibility due to 1) lack of public boat 
ramps, 2) poor channel navigability, and 3) difficulty in capturing low density 
populations of G. flavimaculata. The known range of G. flavimaculata within the Leaf 
River extends 98 river km upstream of our upper Leaf River site, while our upper 
Chickasawhay River site was within 10 km of the upstream distributional limit in that 
tributary.  Within these northern stretches of the Leaf and Chickasawhay rivers and also 
within the smaller tributaries, G. flavimaculata exhibits a very ‘patchy’ distribution with 
individuals apparently occupying only patches of medium to high quality habitat (i.e. 
open canopy for better basking conditions, higher density of basking snags, moderate 
flow, presence of nesting sandbars).  These patches of good habitat are often separated by 
several kilometers of apparently marginal/unsuitable habitat (i.e., closed canopy, few 
snags, high flow with rapids, no sandbars) and therefore, it becomes unfavorable for 
turtles to venture to the next patch of suitable habitat (Shively and Jackson 1985).  The 
movement of G. flavimaculata in these more northerly reaches of the river system is 
unknown, especially with respect to movement of individuals among these favorable 





average linear home ranges for G. flavimaculata vary from less than 200m to as much as 
6 km (Jones 1996).  Therefore, the ability of these turtles to move long, linear distances is 
possible, but it is unknown if individuals in these northern reaches will inhabit different 
patches of favorable habitat by moving long distances through unfavorable habitat.   
Was there a historical population bottleneck?—Our analyses indicate that there is 
little evidence for a recent or a historical genetic bottleneck for any of the sampled G. 
flavimaculata populations, even though there were observed range-wide population 
declines in the 1980’s (McCoy and Vogt 1980, Stewart 1989).  Most turtle species that 
exhibit a population/genetic bottleneck are likely to have been subject to high levels of 
human harvest, including Podocnemis expansa (Pearse et al. 2006).  There are no 
historical records that indicate that G. flavimaculata has been the subject of high 
historical or recent human harvest/consumption, likely due to the smaller size of G. 
flavimaculata in comparison to other larger species inhabiting the Pascagoula River.  
Therefore, we presume that these larger turtle species may have historically been better 
suited to provide an adequate protein source relative to G. flavimaculata (including the 
river cooter- Pseudemys concinna; common slider- Trachemys scripta; common snapping 
turtle- Chelydra serpentina; alligator snapping turtle- Macrochelys temminckii; and 
softshell turtles- Apalone sp.).  
Significance of Escatawpa Population.—Genetically, G. flavimaculata from the 
Escatawpa River are the most distinct among the six sites we sampled.  This is evident by 
the Pascagoula River site/Escatawpa River site comparison which had one of the highest 
pairwise FST value (FST = 0.0364), while it had the smallest geographic distance of all 





Leaf River/upper Chickasawhay River is ten-fold longer (366.6 river km), but had a 
similar FST value (FST = 0.0405).  Furthermore, the Escatawpa River site deviated more 
than any other site in our isolation by distance model and although small, contributed to 
most of the genetic variation among sites within our AMOVA analysis.   
 Currently, unsuitable brackish marsh habitat exists in most of the 34.3 river km 
between the lower Pascagoula River and Escatawpa River sites. Historically, Otvos (in 
press) suggested that the Escatawpa River flowed into Grand Bay (approx. 16.5 km east 
of the Pascagoula River mouth) and was only recently captured by the Pascagoula River 
(within the last 11,500 years; Figure 6.4).  We suspect that the deeper genetic separation 
of the Escatawpa River population found by this study is more likely attributable to the 
historical geographic separation of the Escatawpa River relative to the Pascagoula River, 
as suggested by Otvos.   
 Currently, the extent of gene flow between the lower Pascagoula and Escatawpa 
River sites is unknown, but we suspect it is minimal to non-existent; this, however, 
warrants future studies.  This population is also considered one of the most endangered 
populations of G. flavimaculata (Selman and Jones, 2010) and this population likely 
consists of fewer than 500 individuals (W. Selman, pers. obs.). 
Conclusions.—The finding of little population structure does not suggest that there is 
little need for conservation of G. flavimaculata and riverine habitat throughout the 
drainage.  The significant FST values between all population comparisons except one, and 
the presence of private alleles in populations, indicate that G. flavimaculata does not 








Figure 6.4. Google Earth image of the lower Pascagoula River and Escatawpa River sites.  
Relict channel of the Escatawpa River that historically flowed into Grand Bay (indicated 
by arrows), as proposed by Otvos (in press). 
 
expected in a continuous river system.  Due to the small size of the Escatawpa 
population, the higher levels of genetic differentiation, and the unique geological history 
of the Escatawpa river system, this population should be further studied to determine the 
extent of gene flow to/from the main Pascagoula River populations, as well as further 
determine the population status.  Future management of this species should take into 
account the differences among populations, particularly if reintroductions are needed in 
the future for this federally Threatened species.   
Grand 
Bay 








GENERAL CONCLUSION AND RECOMMENDATIONS 
 
 
Our research supports several conservation measures that will benefit the Yellow-
blotched sawback, and in general, other Pascagoula River turtles and aquatic fauna.  We 
propose that state and federal managers, and to some level, private entities can improve 
the suitability of occupied rivers/creeks, by minimizing habitat alteration (i.e. de-
snagging projects, impoundments, channelization), promoting streamside management 
zones and proper forest management practices, controlling invasive species, and 
providing an education program related to the Pascagoula River system and endangered 
species (with emphasis on turtles).   
Specifically, incentive programs should be offered to landowners within the 
Pascagoula River system that live adjacent to rivers where high densities of Graptemys 
flavimaculata occur.  These agreements should specifically address the maintenance of 
streamside management zones which will greatly improve riparian edges and G. 
flavmaculata habitat.  In addition, the invasive species cogongrass (Imperata cylindrica) 
appears to be a growing concern due to the dispersal ability of this species, as well as the 
ability to alter nest temperatures and nest locations of G. flavimaculata (Horne 1999).  
Much has been done on state managed properties for cogon grass removal, but there is 
currently no incentive for private landowners to remove cogon grass from their 
riverbanks or sandbars.  Without private landowner’s cooperation, future cogon grass 
removal on state/federal managed sandbars will be a continuous and costly effort.  Also, 
subsidized predators (feral swine [Sus scrofa], raccoons [Procyon lotor], and fish crows 





continued educational outreach is needed for children, as well as adults, on the 
importance of turtles to the river ecosystem.  Much effort has been devoted to the 
education of children, but some form of adult education is needed due to the lack of 
knowledge by many adults on the existence of this river turtle and the value of it to the 
river system.  Many locals, particularly fisherman, have been encountered during the 
course of this study.  These fishermen had fished certain parts of the river for their whole 
lives and they had no idea that 1) there is an endangered river turtle that inhabits only the 
Pascagoula River system, 2) this turtle is a unique species, and 3) the benefit of turtles to 
the river system.  Almost all people encountered were interested and held neutral to 
positive attitudes after they were informed about the turtle. 
Next, appropriate regulatory activities should include increasing law enforcement 
to curtail illegal collection, shooting of turtles, and ATV use on nesting sandbars, while 
also enacting proper legislation to limit the recreational use of the lower Pascagoula 
River to small or medium sized boats.  Suspending recreational boating throughout the 
Pascagoula River is highly unlikely.  Therefore, we propose that there should be boating 
restrictions via new boating legislation to prevent large boats (>20 feet with deep draft 
hulls) from accessing main river channels and should be limited to only open water use 
(i.e., use in reservoirs or coastal areas). These larger boats disturbed a higher percentage 
of turtles than any other type of boat/watercraft.  This could also address not only the 
impact on basking turtles, but also address a safety concern due to the size of the wakes 
that affect other smaller watercraft that use the river. Larger boats also pose an erosion 





Future areas that should be protected throughout the Pascagoula River system 
include properties bordering the lower Escatawpa River due to the small size and 
genetically distinct population of Graptemys flavimaculata, as well high turtle density 
areas within the Leaf and Chickasawhay rivers.  The latter should include conserving 
property north of Hattiesburg (Forrest Co.) on the Leaf River since this area supports the 
northernmost substantial population of G. flavimaculata, as well as a sizeable population 
of G. gibbonsi.  Similarly, property south of Stonewall (Clarke Co.) on the Chickasawhay 
River should be conserved due to sizeable populations of both Graptemys species.  
Equally important to proper riparian habitat protection, is maintaining the free-flowing 
nature of the Pascagoula River which will preserve the connectivity of riverine habitat 
and the unique yearly river cycles that are so important to aquatic fauna.  If reservoirs are 
constructed and make a non free-flowing environment, Graptemys turtles will likely be 
outcompeted by lentic turtle generalists (i.e., Red-Eared Slider [Trachemys scripta 
elegans]) and will also lose connectivity with upstream or downstream populations.  
Future research should include regularly assessing marked populations at 
established sites (Hattiesburg, Leakesville, Vancleave, Beaumont, Stonewall, and 
Escatawpa) to determine population density/viability, demography, growth, long-term 
movements, and longevity of G. flavimaculata.  Additionally, future work should 
determine the size of the Escatawpa population, as well as the current 
connectivity/isolation to the Pascagoula River population.  Since little is known about 
smaller populations from smaller, headwater rivers/creeks, research should extend to 
these populations to determine the viability of these populations, movement of 





For this research we used a wide array of research methods/tools (population 
surveys, basking density surveys, molecular/endocrinological techniques) to provide the 
information necessary to determine the conservation status and ecology of Graptemys 
flavimaculata.  We hope that the information gathered during this study will provide 
quality information for conservation planners/managers to preserve viable turtle 











Site Location County Nearest Town (Direction) 
1 Chickasawhay Cr., MS Hwy 495 Kemper Prismatic (E) 
2 Okatibbee Cr., Frazier Grove Rd. Lauderdale Martin (W) 
3 Okatibbee Cr., State Blvd. Extension Lauderdale Meridian (E) 
4 Okatibbee Cr., MS Hwy 19 Lauderdale Meridian (E) 
5 Okatibbee Cr, Arundel Rd. Lauderdale Arundel (W) 
6 Okatibbee Cr, Bronson Rd Bridge Lauderdale Savoy (W) 
7 Chunky Cr., US Hwy 80 Newton Hickory (W) 
8 Chunky Cr., US Hwy 80 Newton Chunky (W) 
9 Chunky Cr., US Hwy 80 Lauderdale Chunky (W) 
10 Tallahatta Cr., US Hwy 80 Lauderdale Meehan (E) 
11 Chunky Cr., Stuckey Bridge Rd. Lauderdale Meehan (N) 
12 Chickasawhay River, MS Hwy 513 Clarke Enterprise (W) 
13 Chickasawhay River, River Road Clarke Stonewall (E) 
14 Chickasawhay River, MS Hwy 512 Clarke Quitman (E) 
15 Souinlovey Cr., MS Hwy 512 Clarke Pachuta (W) 
16 Souinlovey Cr., Clarke Co. 120/ Harmony-Elwood Rd Clarke Harmony (S) 
17 Chickasawhay River, US Hwy 45 & US Hwy145 Clarke Quitman (N) 
18 Chickasawhay River, US Hwy 145 Clarke Shubuta (N) 
19 Chickasawhay River, US Hwy 45 Wayne Shubuta (N) 
20 Chickasawhay River, US Hwy 84 & US Hwy 184 Wayne Waynesboro (E) 
21 Chickasawhay River, MS Hwy 63 Wayne Waynesboro (N) 
22 Chickasawhay River, Buckatunna-Chicora-Clara Rd Wayne Buckatunna (E) 
23 Bucatunna Creek, US Hwy 84 Wayne Gretna (E) 
24 Bucatunna Creek, Denham- Winchester Rd Wayne Denham (W) 
25 Bucatunna Creek, Buckatunna-Millry Rd Wayne Buckatunna (W) 
26 Bucatunna Creek, US Hwy 45 Wayne Battles (S) 
27 Chickasawhay River, MS Hwy 42 Greene State Line (E) 
28 Chickasawhay River, Martin Luther King Dr. Greene Old Avera (W) 
29 Chickasawhay River, Hwy 57 Greene Leakesville (W) 
30 Big Cr., Hwy 57 Greene Leakesville (E) 
31 Big Cr., St. Ellen Rd. Greene Leakesville (NE) 
32 Chickasawhay River; Hwy 98 Greene Merrill (S) 
33 Leaf River, Smith Co. Rd. 126 Smith  Raleigh (SW) 
34 Leaf River, Hwy 18 Smith Sylvarena (E) 
35 Leaf River; Smith Co. Rd. 84 Smith Center Ridge (W) 
36 West Tallahala Cr., Hwy 18 Smith Sylvarena (W) 
37 Leaf River; Smith Co. Rd. 80 Smith Center Ridge (W) 
38 Leaf River; Hwy 28 Smith Taylorsville (W) 
39 Oakohay Cr., Hwy 18 Smith Raleigh (E) 
40 Oakohay Cr., Hwy 540 Smith Raleigh (E) 
41 Oakohay Cr., Hwy 28 Smith Mize (W) 
42 Oakohay Cr., Smith Co. Rd. 14 Smith Taylorsville (E) 





Site Location County Nearest Town (Direction) 
44 Leaf River, Hwy 84 Covington Hot Coffee (N) 
45 Big Creek, Sandhill Church Rd. Jones Ellisville (E) 
46 Leaf River; Hwy 588 Jones Ellisville (E) 
47 Leaf River, Hwy 590 Jones Moselle (S) 
48 Leaf River, Church St. Jones Eastabuchie (W) 
49 Bouie Cr., Hwy 541 Jefferson Davis Clem (SW) 
50 Bouie Cr., Ramsey Rd. Jefferson Davis Mt. Carmel (S) 
51 Bouie Cr., Hwy 84 Covington Lonestar (E) 
52 Bouie Cr., Hwy 35 Covington Lonestar (N) 
53 Bouie Cr., Lonestar Rd. Covington/ Jefferson Davis McRaney (E) 
54 Bouie Cr., Wilson Rd Covington/ Jefferson Davis Williamsburg (N) 
55 Bouie Cr., Williamsburg Rd. Covington/ Jefferson Davis Williamsburg (N) 
56 Bouie Cr., Oakdale Church Rd/Crossroad Ch. Rd Covington/ Jefferson Davis Seminary (E) 
57 Bouie Cr., Seminary- Sumrall Rd Covington Sumrall (S) 
58 Bouie Cr., Hwy 589  Covington Sumrall (S) 
59 Okatoma Cr., Hwy 35 Covington Mt. Olive (W) 
60 Okatoma Cr., Hwy 84 Covington Collins (W) 
61 Okatoma Cr., Hwy 590 Covington Seminary (E) 
62 Okatoma Cr., Hwy 598 Covington Sanford (E) 
63 Okatoma Cr., Lux Rd Covington Lux (E) 
64 Bouie River, Glendale Rd. Forrest Hattiesburg (S) 
65 Bouie River/ Leaf River, Hwy 42 Forrest Hattiesburg (S) 
66 Leaf River, East Hardy St. Forrest Hattiesburg (W) 
67 Leaf River, Sims Rd. Forrest Hattiesburg (N) 
68 Tallahala Cr., Hwy 15 Jones Laurel (N) 
69 Tallahala Cr., Luther Hill Rd. Jones Laurel (N) 
70 Tallahala Cr., Paulding Rd. Jones Ellisville (W) 
71 Tallahala Cr., Hwy 29 Jones Ellisville (W) 
72 Tallahala Cr., Three Mile Stretch/ Augusta Rd. Jones Ellisville (N) 
73 Tallahala Cr., Ovett- Moselle Rd. Jones Union (W) 
74 Tallahala Cr., Morriston Rd. Forrest Runnelstown (S) 
75 Tallahala Cr., Hwy 42 Perry Runnelstown (E) 
76 Tallahala Cr., MS Hwy 42 Perry Runnelstown (E) 
77 Tallahala Cr., Thomas Creek Rd. Perry Runnelstown (N) 
78 Tallahala Cr., Old River Rd. Perry New Augusta (E) 
79 Leaf River, Hwy 29 Perry New Augusta (E) 
80 Bogue Homa Cr., Hwy 15 Jones Laurel (N) 
81 Bogue Homa Cr., Old Hwy 15 Jones Ovett (S) 
82 Bogue Homa Cr., Ovett- Moselle Rd. Jones Ovett (E) 
83 Bogue Homa Cr., Whitfield Rd. Perry Whitfield (NW) 
84 Bogue Homa Cr., MS Hwy 42 Perry Richton (E) 
85 Bogue Homa Cr., Old Augusta Rd. Perry New Augusta (S) 
86 Leaf River, Wingate Rd. Perry New Augusta (W) 
87 Leaf River, Hwy 15 Perry Beaumont (S) 
88 Thompson Cr., Hintonville Rd. Perry Hintonville (W) 
89 Thompson Cr., Arlington Rd. Perry Beaumont (W) 
90 Leaf River, Old Hwy 24 Greene McLain (S) 
91 Leaf River, Hwy 98 Greene McLain (W) 





Site Location County Nearest Town (Direction) 
93 Pascagoula River, Hwy 26 George Benndale (W) 
94 Black Cr., Old Hwy 24  Lamar Hattiesburg (E) 
95 Black Cr., Hwy 589 Lamar Hattiesburg (E) 
96 Black Cr., Old Hwy 11 Lamar Purvis (S) 
97 Black Cr., Browns Bridge Rd. Forrest Purvis (W) 
98 Black Cr., Churchwell Rd. Forrest Rock Hill (S) 
99 Little Black Cr., Rock Hill- Carnes Rd. Forrest Rock Hill (S) 
100 Black Cr., Old Hwy 49 Forrest Brooklyn (N) 
101 Black Cr., Ashe Nursery Rd. Forrest Brooklyn (N) 
102 Black Cr., Hwy 29 Perry Janice (N) 
103 Black Cr., Fairly Bridge Landing Perry Deep Creek (E) 
104 Black Cr., Fairly Bridge Rd. Perry Deep Creek (E) 
105 Black Cr., Hwy 26 Stone Wiggins (W) 
106 Black Cr., Hwy 57 George Vestry (N) 
107 Red Cr., Hurricane Cr. Rd. Forrest Lumberton (W) 
108 Red Cr., Stump Texas Rd. Stone Wiggins (E) 
109 Red Cr., Hwy 26 Stone Wiggins (E) 
110 Red Cr., City Bridge Rd. Stone Perkinston (W) 
111 Red Cr., Hwy 15 Stone Ramsey Springs (S) 
112 Red Cr., Vestry Rd. George Vestry (S) 
113 Red Cr., Hwy 57 Jackson Vestry (W) 
114 Pascagoula River, Wade-Vancleave Rd. Jackson Wade (E) 
115 Escatawpa River, Hwy 612 George Agricola (W) 
116 Escatawpa River, Tanner- Williams Rd. Jackson Harleston (W) 
117 Escatawpa River, Hwy 614 Jackson Hurley (W) 
118 Atkisson Creek, Old Hwy 24 Greene McClain (S) 
119 Gaines Creek, Arlington Rd Perry Beaumont (W) 
120 Gaines Creek, Hintonville Rd Perry Hintonville (W) 
121 Gaines Creek, Cochrane Rd Perry Richton (NW) 
122 Piney Woods Creek, Brewer/ Otho Sellers Rd. Perry Brewer (N) 
123 Sandhill Creek, Brewer/ Otho Sellers Rd. Perry Brewer (N) 
124 Bucatunna Creek, Dyess Bridge Rd. Wayne Denham (S) 
125 Bucatunna Creek, MS Hwy 510 Wayne Isney, AL (E) 
126 Bucatunna Creek, Old Coyt Rd. Wayne Matherville (W) 
127 Bucatunna Creek, Clarke Co. 630 Clarke Melvin, AL (E) 
128 Bucatunna Creek, Clarke Co. 511 Clarke Crandell (W) 
129 Bucatunna Creek, Linton Rd. Clarke Linton (W) 
130 Long Creek, Hwy 18 Clarke Sykes (E) 
131 Bucatunna Creek, Hwy 18 Clarke Sykes (W) 
132 Long Creek, Clarke Co. 514 Clarke Middleton (E) 
133 Bucatunna Creek, Clarke Co. 514 Clarke Middleton (W) 
134 Hurricane Creek, Clarke Co. 430 Clarke Energy (N) 
135 Bucatunna Creek, Vimville-Causeyville Rd. Lauderdale Vimville (N) 
136 Sowashee Creek, I-20 Exit Ramp (Exit 151) Lauderdale Meridian (N) 
137 Sowashee Creek, Valley Rd Lauderdale Meridian (N) 
138 Sowashee Creek, Russell Dr. Lauderdale Meridian (W) 
139 Sowashee Creek, 23rd St. Lauderdale Meridian (W) 
140 Sowashee Creek, Marion-Russell Rd. Lauderdale Marion (W) 





Site Location County Nearest Town (Direction) 
142 Souinlovey Creek, Hwy 503 Jasper Hero (N) 
143 Souinlovey Creek, Jasper Co. Rd. 31 Jasper Rose Hill (S) 
144 Souinlovey Creek, US Hwy 11 Clarke Pachuta (S) 
145 Tallahala Creek, US Hwy 84 Jones Laurel (W) 
146 Tallahala Creek, US Hwy 11 Jones Laurel (W) 
147 Tallahala Creek, Sandersville-Sharon Rd. Jones Sharon (W) 
148 Tallahala Creek, Jasper Co. Rd 8 Jasper Heidelburg (E) 
149 Tallahala Creek, Hwy 528 Jasper Waldrop (E) 
150 Nuakfuppa Creek, Hwy 528 Jasper Acme (W) 
151 Tallahoma Creek, Hwy 528 Jasper Bay Springs (W) 
152 Tallahoma Creek, Hwy 537 Jasper Moss (W) 
153 Tallahoma Creek, Shady Grove-Moss Rd Jones Moss (N) 
154 Tallahoma Creek, Trace Rd. Jones Laurel (E) 
155 Tallahoma Creek, Hwy 15 Jones Laurel (E) 
156 Tallahoma Creek, Bush Dairy Rd Jones Laurel (E) 
157 Tallahoma Creek, Flynt Dr Jones Laurel (E) 
158 Tallahoma Creek, US Hwy 84 Jones Laurel (E) 
159 Tallahoma Creek, Indian Springs Rd Jones Pendorff (E) 
160 Tallahoma Creek, Burnt Bridge Rd Jones Walters (E) 



























ALLELE FREQUENCIES AMONG SIX SAMPLE SITES FOR GRAPTEMYS 
FLAVIMACULATA WITH SIX TESTED MICROSATELLITE LOCI 









TerpSH2 173 0.074 0.008 0.098 - - 0.023 
 177 0.398 0.425 0.373 0.531 0.595 0.432 
 181 0.093 0.100 0.098 0.063 0.048 0.023 
 185 0.102 0.042 0.186 0.188 - 0.045 
 189 0.259 0.350 0.196 0.219 0.333 0.364 
 193 0.028 0.017 0.010 - 0.024 0.068 
 197 0.037 0.008 0.029 - - 0.023 
 201 0.009 0.050 0.010 - - 0.023 
 N 54 60 51 32 21 22 
 A 8 8 8 4 4 8 
 Ne 3.962 3.147 4.306 2.709 2.136 3.054 
 AR 6.793 5.828 6.419 3.968 3.840 7.239 
 HO 0.704 0.600 0.686 0.625 0.429 0.727 
 HE 0.748 0.682 0.768 0.631 0.532 0.673 
        
TerpSH5 150 - 0.008 - - - - 
 154 0.194 0.288 0.452 0.258 0.143 0.447 
 158 0.287 0.280 0.183 0.194 0.452 0.184 
 162 0.046 0.051 0.058 0.048 0.095 0.079 
 166 - - 0.058 - - 0.026 
 170 0.074 0.059 0.038 0.323 0.071 - 
 174 0.037 0.068 0.087 0.016 0.024 0.053 
 178 0.287 0.153 0.115 0.048 0.190 0.079 
 182 0.037 0.093 0.010 0.048 0.024 0.026 
 186 0.028 - - - - 0.079 
 190 0.009 - - 0.065 - 0.026 
 N 54 59 52 31 21 19 
 A 9 8 8 8 7 9 
 Ne 4.677 4.903 3.750 4.555 3.615 3.882 
 AR 7.498 7.063 7.003 7.348 6.712 8.841 
 HO 0.833 0.831 0.750 0.806 0.857 0.895 
 HE 0.786 0.796 0.733 0.780 0.723 0.742 
        
TerpSH7 109 0.028 - - - - - 
 117 0.037 0.017 - 0.156 0.025 0.024 
 121 0.111 0.186 0.115 0.250 0.250 0.190 
 125 0.231 0.203 0.240 0.141 0.100 0.262 
 129 0.111 0.186 0.221 - 0.050 0.071 
 133 0.148 0.136 0.173 0.266 0.275 0.119 
 137 0.139 0.136 0.125 0.094 0.050 0.143 
 141 0.093 0.051 0.038 0.016 - 0.048 
 145 0.037 0.059 0.048 0.016 0.175 0.143 















TerpSH7 153 0.056 0.008 0.010 - - - 
 157 - - 0.010 - - - 
 161 - - - 0.016 - - 
 N 54 59 52 32 20 21 
 A 11 10 10 9 8 8 
 Ne 7.420 6.476 5.885 5.292 5.263 5.959 
 AR 9.549 8.161 7.970 7.604 7.884 7.838 
 HO 0.889 0.915 0.750 0.750 0.950 0.857 
 HE 0.865 0.846 0.830 0.811 0.810 0.832 
        
GmuB08 230 0.028 0.017 0.020 0.016 0.024 - 
 233 0.259 0.317 0.363 0.129 0.119 0.205 
 236 0.296 0.283 0.245 0.177 0.429 0.136 
 239 0.259 0.317 0.294 0.565 0.333 0.409 
 242 0.139 0.058 0.069 0.081 0.095 0.205 
 245 0.019 0.008 0.010 - - 0.045 
 248 - - - 0.032 - - 
 N 54 60 51 31 21 22 
 A 6 6 6 6 5 5 
 Ne 4.122 3.514 3.529 2.669 3.139 3.681 
 AR 5.264 4.736 4.894 5.398 4.857 4.970 
 HO 0.704 0.867 0.745 0.613 0.714 0.909 
 HE 0.757 0.715 0.717 0.625 0.681 0.728 
        
GmuD70 226 - - 0.021 - 0.075 - 
 230 0.056 0.121 0.146 - 0.125 - 
 234 0.037 0.052 0.042 0.094 0.100 0.083 
 238 0.139 0.043 0.125 0.063 0.050 0.139 
 242 0.102 0.233 0.156 0.063 0.150 0.111 
 246 0.065 0.060 0.083 0.109 0.025 0.083 
 250 - 0.009 - - - - 
 274 - - - - 0.025 - 
 278 - 0.009 - - - - 
 282 0.065 0.009 0.010 - - 0.028 
 286 0.093 0.121 0.010 0.016 - - 
 290 0.213 0.216 0.063 0.203 0.050 0.222 
 294 0.185 0.095 0.167 0.406 0.225 0.139 
 298 0.037 0.034 0.104 0.047 0.175 0.167 
 302 0.009 - 0.052 - - 0.028 
 306 - - 0.021 - - - 
 N 54 58 48 32 20 18 
 A 11 12 13 8 10 9 
 Ne 7.564 6.741 8.597 4.214 7.080 6.968 
 AR 9.738 9.370 10.654 7.412 9.784 9.000 
 HO 0.870 0.810 0.979 0.750 0.750 0.944 
 HE 0.868 0.852 0.884 0.763 0.859 0.856 
        
GmuD88 128 0.057 0.044 - 0.125 - 0.083 
 132 0.264 0.307 0.347 0.219 0.310 0.250 
 136 0.057 0.026 0.041 - - 0.028 
 














GmuD88 140 - 0.009 - 0.047 - - 
 144 0.132 0.096 0.092 0.047 0.119 0.056 
 148 0.132 0.219 0.133 0.172 0.214 0.167 
 152 0.113 0.114 0.112 0.063 0.143 0.028 
 156 0.085 0.044 0.122 0.094 - 0.056 
 160 0.057 0.061 0.051 0.063 0.024 0.056 
 164 0.075 0.035 0.092 0.125 0.143 0.083 
 168 0.009 0.018 - - - - 
 172 0.019 0.026 0.010 0.047 0.048 0.194 
 N 53 57 49 32 21 18 
 A 11 12 9 10 7 10 
 Ne 7.120 5.705 5.353 7.585 5.011 6.545 
 AR 9.615 9.634 8.083 9.693 6.840 10.000 
 HO 0.906 0.860 0.857 0.875 0.762 0.944 
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